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Preface 

Vocational Education is a dynamic and evolving field, and ensuring that every student has access 

to quality learning materials is of paramount importance. The journey of the PSS Central 

Institute of Vocational Education (PSSCIVE) toward producing comprehensive and 

inclusive study material is rigorous and time-consuming, requiring thorough research, 

expert consultation, and publication by the National Council of Educational Research and 

Training (NCERT). However, the absence of finalized study material should not impede 

the educational progress of our students. In response to this necessity, we present the 

draft study material, a provisional yet comprehensive guide, designed to bridge the gap 

between teaching and learning, until the official version of the study material is made 

available by the NCERT. The draft study material provides a structured and accessible set 

of materials for teachers and students to utilize in the interim period. The content is 

aligned with the prescribed curriculum to ensure that students remain on track with their 

learning objectives. 

The contents of the modules are curated to provide continuity in education and maintain 

the momentum of teaching-learning in vocational education. It encompasses essential 

concepts and skills aligned with the curriculum and educational standards. We extend 

our gratitude to the academicians, vocational educators, subject matter experts, industry 

experts, academic consultants, and all other people who contributed their expertise and 
insights to the creation of the draft study material. 

Teachers are encouraged to use the draft modules of the study material as a guide and 

supplement their teaching with additional resources and activities that cater to their 

students' unique learning styles and needs. Collaboration and feedback are vital; 

therefore, we welcome suggestions for improvement, especially by the teachers, in 

improving upon the content of the study material. 

This material is copyrighted and should not be printed without the permission of the 
NCERT-PSSCIVE. 

 

Deepak Paliwal  
(Joint Director)  
PSSCIVE, Bhopal 

Date: 20 June 2024  
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Module 1 

 
Introduction to Plastic Industry  

 
 

 

 

Module Overview 
 

 

This module will give a brief about the plastic as a material and its sector in today 

industrial world.  The plastic industry is essential for producing everyday items, but 

traditional methods can be wasteful and resource-heavy. 3D printing, or additive 

manufacturing, is revolutionizing this field by creating objects layer by layer from digital 

models, reducing waste and production costs. This technology enables the creation of 

complex, customized designs, speeding up the development of new products. 

Particularly beneficial for prototypes and specialized components, 3D printing enhances 

efficiency and sustainability in the plastic industry. Its integration is driving innovation 

and shaping the future of manufacturing by making processes more efficient and 

environmentally friendly. 

 

 

Learning Outcomes 
 

 

After completing this module, you will be able to: 

• Understand the role f plastic industry  

• Explain composition of plastic material and its chemical properties  

• Explain different types of plastic  

• Explain the job role of Operator- Plastic 3D Printing  

 

Module Structure 
 

1.1 Plastic Industry and its sectors 

1.2 Role of Plastic Industry  

1.3 Plastic – Its Chemical Composition 

1.4 Characteristics of Plastic material 

1.5 Job role of Operator – Plastic 3D Printing 

1.6 Career Opportunities for Operator – Plastic 3D Printing 
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1.7 Terminologies used in Plastic Industry 

 

 

1.1 Plastic Industry and its sectors 

 

 

We have observed various materials around us made up of plastic. Can you tell how 

plastic is manufactured? What is the relevance of the plastic industry in India’s economy? 

Is this sector has the potential to add business opportunities and jobs for young 

generation? It is natural to contemplate these questions when we focus specifically on 

plastic industry sector. This chapter will help you to explore more about plastic industry 

and after such reading; all these questions can be easily answered by you. 

 

The plastic industry, often referred to as the polymer industry, revolves around the 

production of synthetic (or man-made) polymers that are used to create a wide range of 

plastic materials and products. These materials are derived from petrochemical sources, 

making them highly versatile, lightweight, and durable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yes! We have learnt about polymers in earlier 

classes. Let us recall it once again.  

Polymers are long chains of molecules made up of 

repeating units called monomers (as shown in 

Fig. 1.1). Imagine polymers as a string of beads 

where each bead is a monomer. These long chains 

give polymers their unique properties, such as 

flexibility and durability. 

For example, one common polymer is 

polyethylene, which is used to make plastic bags. 

In polyethylene, the repeating unit (monomer) is 

ethylene. When many ethylene monomers link 

together in a long chain, it forms polyethylene, 

creating a flexible and lightweight material 

perfect for carrying groceries and other items. 

 
 

In this chain, a single molecule is 
monomer and the chain is called as a 

Polymer. 

Fig. 1.1 Polymer 
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Key Sectors within the Plastic Industry 

Following are the sectors which depend upon the plastic industry: 

• Packaging Sector: 

The packaging sector is one of the largest consumers of plastic materials. Plastics 

are used to create bottles, containers, bags, and wraps for various products, 

including food, beverages, cosmetics, and pharmaceuticals. Plastics offer 

exceptional barrier properties, extending the shelf life of perishable goods and 

reducing waste. 

• Construction Sector: 

In the construction sector, plastic materials find applications in pipes, insulation, 

roofing, and various building components. PVC (polyvinyl chloride) and HDPE 

(high-density polyethylene) pipes are widely used for water supply and drainage 

systems due to their durability and resistance to corrosion. 

• Automotive Sector: 

Plastics have revolutionized the automotive industry. They are used in the 

production of lightweight and fuel-efficient vehicle components, such as 

bumpers, interior trims, dashboards, and even some engine parts. These 

materials contribute to improved fuel economy and vehicle safety. 

• Healthcare Sector: 

Plastics plays an important role in the healthcare sector. They are used to 

manufacture a wide range of medical devices and equipment, including syringes, 

and prosthetic implants. Their biocompatibility and sterilization capabilities are 

vital in ensuring patient safety. 

 

• Agriculture Sector: 

Plastic materials like polyethylene are extensively used in agriculture. They are 

employed for creating mulch films, greenhouse coverings, and irrigation systems. 

These technologies aid in water conservation, crop protection, and enhanced 

yields. 

• Consumer Goods Sector: 

A vast array of consumer products, from toys to electronics, incorporates plastic 

components. The versatility of plastics allows for intricate designs and color 

options, making them popular choices for consumer goods manufacturers. 

• Electronics Sector: 

The electronics industry relies on plastics for casings, insulation, and component 

housings. Plastics like polycarbonate and Acrylonitrile Butadiene Styrene (ABS) 

are favored for their electrical insulation properties and resistance to impact. 

• Textiles Sector: 

The textile sector benefits from plastic-based fibers like polyester and nylon, 

which are known for their strength, durability, and wrinkle resistance. These 

synthetic fibers have become essential in the production of clothing, upholstery, 

and other textiles. 
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• Recycling Sector: 

Recycling is an essential part of the plastic industry, focusing on the collection 

and reprocessing of plastic waste. Recycling not only reduces the environmental 

impact of plastic disposal but also promotes sustainability by reusing materials 

in new products. 

 

 

1.2  Role of Plastic Industry  

 

 

Let us now understand the role and scope of the plastic industry sector in country’s 

economy. 

The plastic industry holds a significant role in India's and the world's economy, 

impacting our daily lives in various ways. It provides jobs to millions of people, which 

means a lot of families depend on it for their livelihoods. Can you believe it? The segment 

openly employs more than fifty lakh people & pays more than three lakh crore to the 

nation's GDP.  This industry serves as the cornerstone of various economic activities, 

contributing significantly to employment, trade, and innovation.  

This industry produces a wide range of plastic products used in packaging, construction, 

healthcare, transportation, and more. Its economic significance is underscored by its 

substantial contribution to national and global GDP. In essence, the plastic industry is an 

integral part of our modern economy and society, providing us with the convenience, 

durability, and versatility we often take for granted. 

The plastic industry does not just impact India; it is a big player worldwide. In fact, it is 

worth over a trillion dollars globally. This industry also creates jobs everywhere. 

 

 
Activity 

 
Observe around yourself (your school, home etc.) and list down all the 

materials made up of plastic. Also write usage of these materials. Keenly 
examine the design of such materials. What do you think so, how these 
shapes have been formed? Is this easy to get manufactured? Think and write! 

 

 

1.3  Plastic – Its Chemical Composition  
 

 

As previously discussed, plastics are made from polymers, which are large molecules 

composed of repeating units called monomers. These monomers in plastics are mostly 

derived from hydrocarbons. Hydrocarbons are molecules made up of Carbon (C) and 
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Hydrogen (H) atoms. Common monomers used in plastics include ethylene, propylene, 

vinyl chloride, and styrene. 

 

For example, in polyethylene (PE), the monomer is ethylene, and in polypropylene (PP), 

the monomer is propylene. 

 

 

 

 
 

 

 

 

 

1.4  Characteristics of Plastic Material  

 

 

Plastic materials are a diverse group of synthetic or semi-synthetic organic solids that 

are commonly polymers of high molecular mass. They exhibit a wide range of 

characteristics, making them versatile and suitable for various applications. Here are 

some key characteristics of plastic materials: 

1. Plastics are versatile synthetic materials used for various applications. 

2. They are lightweight, making them suitable for transportation and packaging. 

3. Plastics are durable, resistant to wear, corrosion, and chemicals. 

4. Good insulators of electricity and heat, making them useful in electronics and 

insulation. 

5. Plastics can be transparent or coloured, offering aesthetic and functional options. 

6. Easily mouldable into complex shapes. 

7. Many plastics exhibit chemical resistance, suitable for harsh environments. 

8. Some plastics can be recycled, contributing to environmental sustainability. 

9. Low electrical and thermal conductivity, making them ideal for insulation.  

10. Cost effective. 

 

 

1.5 Job Role of Operator – Plastic 3D Printing  

 

 

The Operator Plastic-3D Printing role involves setting up and operating 3D printing 

machines, loading materials, conducting quality checks, troubleshooting issues, and 

performing routine maintenance. Collaboration with design teams, adherence to safety 

protocols, and continuous learning about evolving technologies are integral aspects of 

this position, ensuring efficient and high-quality 3D printing processes.  

The process by which these monomers are chemically bonded together to form long 

chains is called Polymerization. Polymerization reactions are typically initiated by 

heat, pressure, or catalysts. The long chains formed by the repeated bonding of 

monomers are known as polymers. These polymers have a backbone made up of 

Carbon-Carbon (C-C) bonds. 
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Here are some specific job roles of Operator – Plastic 3D Printing: 

 

1. Equipment Setup: Operate and set up 3D printing machines, ensuring proper 

calibration and configuration for the specific plastic material being used. 

2. Material Loading: Load plastic filaments or pellets into the 3D printer, 

monitoring and managing material supply throughout the printing process. 

3. Quality Control: Conduct regular quality checks on printed products to ensure 

adherence to specifications, making adjustments to the printing parameters as 

needed. 

4. Troubleshooting: Identify and troubleshoot issues during the 3D printing 

process, addressing malfunctions, errors, or deviations from design 

requirements. 

5. Maintenance: Perform routine maintenance on 3D printing equipment, 

including cleaning, calibrating, and replacing parts to ensure optimal machine 

performance. 

6. Safety Compliance: Adhere to safety protocols and guidelines, including the 

proper handling and disposal of materials, to maintain a safe working 

environment. 

7. Process Optimization: Collaborate with engineering and design teams to 

optimize 3D printing processes for efficiency, speed, and quality improvements. 

8. Documentation: Maintain accurate records of printing parameters, material 

usage, and any adjustments made during the printing process for future reference 

and analysis. 

9. Communication: Effectively communicate with team members, supervisors, and 

other relevant stakeholders regarding production progress, challenges, and 

solutions. 

 

 

1.6 Career Opportunities for Operator – Plastic 3D Printing  

 

 

Operators in Plastic 3D Printing have diverse opportunities, including specialization in 

industries, advancement in process optimization, research and development, leadership 

roles, and continuous learning for career growth. Following are some key opportunities 

for this job role: 

1. Process Optimization Specialist: Advance into roles focused on optimizing 3D 

printing processes for increased efficiency and quality. 

2. Research and Development: Explore opportunities in R&D, contributing to 

innovative projects and technological advancements in the field of plastic 3D 

printing. 
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3. Industry Specialization: Specialize in specific sectors such as aerospace, 

healthcare, or automotive, gaining expertise in tailored applications of 3D 

printing technology. 

4. Leadership Roles: With experience, operators can move into leadership 

positions, overseeing teams and projects within the 3D printing domain. 

5. Educational Roles: Share expertise by transitioning into roles that involve 

training and educating others on the principles and practices of plastic 3D 

printing. 

6. Quality Assurance: Explore roles in quality control and assurance, ensuring that 

3D printed products meet industry standards and specifications. 

7. Materials Development: Contribute to the development of new plastic materials 

suitable for 3D printing applications, working closely with material scientists and 

engineers. 

8. Entrepreneurship: Pursue entrepreneurial ventures by establishing a 3D 

printing service or consultancy, offering expertise to businesses and industries. 

9. Technological Sales: Enter the sales sector, promoting and selling 3D printing 

equipment, materials, and services to businesses and manufacturers. 

 

 

1.7 Terminologies used in Plastic Industry  

 

 

The plastic manufacturing sector employs a diverse range of terminologies essential for 

understanding the processes, materials, and characteristics integral to the industry. 

These terms serve as the building blocks for effective communication and 

comprehension in the world of plastic production. 

Let us go through such terminologies that will enhance your keen understanding about 

the plastic manufacturing sector: 

1. Injection Molding: A common plastic manufacturing process where molten 

plastic is injected into a mold cavity, forming a specific shape upon cooling. 

2. Extrusion: The process of forcing molten plastic through a shaped opening, 

creating continuous profiles or sheets used in various applications. 

3. Blow Molding: A technique where heated plastic is inflated into a mold, creating 

hollow objects such as bottles or containers. 

4. Thermoforming: A process in which a flat sheet of plastic is heated and molded 

into a three-dimensional shape using a mold. 

5. Polymer: A large molecule composed of repeating structural units known as 

monomers, forming the basis of plastic materials. 

6. Resin: The raw, unprocessed form of plastic material before it undergoes 

manufacturing processes. 

7. Copolymer: A polymer derived from the polymerization of two different 

monomers. 
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8. Additive Manufacturing: A process that builds objects layer by layer, commonly 

known as 3D printing, using computer-aided design (CAD) data. 

9. Masterbatch: A concentrated mixture of pigments or additives used to colour or 

modify the properties of plastic during the manufacturing process. 

10. Flame Retardant: Additives incorporated into plastics to reduce     flammability 

and slow down the spread of flames. 

11. Recycling Code: A numbering system (1-7) within a triangular symbol on plastic 

products, indicating the type of resin and guiding recycling processes. 

12. Tensile Strength: The maximum stress a material can endure while being 

stretched or pulled before necking, which is the point where it starts to deform 

permanently. 

13. Mould Release Agent: Substance applied to moulds to help release the moulded 

part easily, preventing sticking. 

14. Plasticizer: A substance added to plastics to increase flexibility and durability. 

15. Shrinkage: The reduction in size or volume of a plastic part as it cools and 

solidifies after moulding. 

16. Mould Cavities: Hollow spaces in a mould where molten plastic is injected to 

form the desired shape. 

17. Thermoplastic: Plastics that can be melted and re-moulded multiple times 

without undergoing significant chemical change. 

18. Thermosetting Plastic: Plastics that, once moulded, undergo a chemical change 

and cannot be re-melted or re-moulded. 

19. Undercut: A feature in a moulded part that prevents it from being easily removed 

from the mould. 

20. Runner System: The channels that deliver molten plastic from the injection unit 

to the mould cavities in injection moulding. 

 

 

Check Your Progress 

 

 

A. Multiple Choice Questions 

1. What is the primary source of raw materials for the plastic industry? 

a) Natural fibers   b) Petrochemical sources 

c) Metal ores    d) Plant extracts 

 

2. Which sector extensively utilizes plastics for water supply and drainage systems? 

a) Healthcare    b) Construction 

c) Automotive   d) Electronics 

 

3. What is the primary role of plastics in the healthcare sector? 

a) Creating mulch films  b) Manufacturing electronic components 
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c) Producing medical devices and equipment 

d) Insulating buildings 

 

4. Which characteristic makes plastics suitable for electronics applications? 

a) Transparency   b) High electrical conductivity 

c) Resistance to wear   d) Good insulators of electricity 

d) Good insulators of electricity 

 

5. What is the main responsibility of an Operator Plastic 3D Printing? 

a) Packaging products  b) Operating 3D printing machines 

c) Harvesting crops   d) Repairing automobiles 

 

B. Match the Following: 

  

 Terminologies 

 

 Definition 

1. Injection Molding 

  

A. A polymer derived from the 

polymerization of two different 

monomers. 

2. Copolymer 

 

 

B. A process in which a flat sheet of 

plastic is heated and molded into 

a three-dimensional shape using a 

mold. 

3. Thermoforming 

 

C. A common plastic manufacturing 

process where molten plastic is 

injected into a mold cavity, 

forming a specific shape upon 

cooling. 

4. Thermoplastic 

 

 

D. A concentrated mixture of 

pigments or additives used to 

color or modify the properties of 

plastic during the manufacturing 

process. 

5. Masterbatch 

 

E. Plastics that can be melted and re-

molded multiple times without 

undergoing significant chemical 

change. 

 

C. Answer the following (About 100-150 words):  

1. Explain the significance of the plastic industry in India's economy 
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2. Describe the role of plastics in the automotive sector. 

3. What are the primary characteristics of plastic materials? 

 

D. Answer the following (About 200-250 words):  

1. Discuss the career opportunities available for Operators in Plastic 3D Printing, 

including various specializations and advancement pathways within the industry. 

 

 

Module 2 

 

Basics of 3D Printing 

 
 

 

Module Overview 

 

 

 This module introduces students to 3D printing, a technology that creates three-

dimensional objects from digital designs. It covers the history of 3D printing, showing 

how it evolved over time. Students will learn about different types of 3D printing and 

how it compares to traditional manufacturing methods. The module also explores 

Computer Numerical Control (CNC) machines, the general steps involved in 3D printing, 

and the role of 3D printers in the plastic industry. Additionally, it discusses the 

disadvantages of 3D printing and the various software tools used to create 3D designs. 

This overview will give students a basic understanding of 3D printing and its 

significance. 

 

 

Learning Outcomes 

 

 

After completing this module, you will be able to: 

• Understand the technology of creating 3D objects from digital designs. 

• Understand the evolution and key milestone of 3D Printing technology. 

• Describe the role of CNC 

• Evaluate advantages and disadvantages of 3D printing in plastic industry.  

 

 

Module Structure 

 

2.1 3D Printing – An Overview 

2.2 History of 3D Printing 
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2.3 Classification of 3D Printing 

2.4 Computer Neural Network (CNC) – Overview 

2.5 Additive Manufacturing VS Traditional approach in Plastic Industry 

2.6 Disadvantages of 3D Printing  

2.7 General Steps of 3D Printing Process 

2.8 Role and Importance of 3D Printer 

2.9 Various Software used in 3D Printing  

 

 

2.1 3D Printing – An Overview  

 

 

Can you imagine, a printer can turn designs into real objects? Does printing can only be 
done two dimensional? From starting we have only seen printing on papers, textiles etc. 
But if we wish to build a toy (which is three dimensional and having length, width and 
height), how can this be printed?  
 
You know, the answer to all of the above questions asked is a big “YES”. Quite Strange? 
Let us read a short story!  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hence, we can state that 3D printing is like making things layer by layer using a special 
machine. People create all sorts of stuff with it, like toys, tools, and more. So, let's find 
out together what 3D printing really is and how people are using it in this exciting 
technology world. 
 
 
3D printing is like making things piece by piece, 
adding material layer by layer. It is similar to building 
with Lego blocks (as shown in Fig 2.1) automatically. 
Imagine creating something step by step, like building 
a Lego structure, but a machine does it for you. 
 
 

“In the town named Vigyanpur, school students received a surprise 

package. A magical 3D printer was awaiting them. Their teacher said, 

"Today, we will move into the world of 3D printing!" With curiosity, all 

the students gathered around. The teacher explained that the printer 

turned ideas into real objects. Layer by layer, it created things! The 

class buzzed with excitement. From toys to tools, anything was 

possible. As they explored the basics, the 3D printer became their 

guide to a world where dreams get materialized. Little did they know, 

this chapter in Vigyanpur would spark their creativity and shape a 

future of endless possibilities” 

 

Fig 2.1 Lego Blocks 
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This advance technology allows us to be super creative and make unique designs without 

using traditional tools. Hence, 3D printing is a process of creating three-dimensional 

objects layer by layer from a digital model. Instead of subtracting material like 

traditional methods (such as carving or milling), 3D printing adds material to build up 

the final product. 

  

The significance of 3D printing lies in its transformative impact on manufacturing and 

design. It allows for unprecedented design freedom, enabling the creation of complex 

structures and intricate geometries that were previously challenging or impossible to 

produce. 3D printing is considered a tool-less process, reducing costs and lead times 

associated with traditional manufacturing. It promotes innovation by providing a 

platform for customized and on-demand production, and it is emerging as an energy-

efficient and environmentally friendly technology by optimizing material use and 

creating lighter, stronger products. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Do you ever think that from where 3D printing process has been started? Let us go 

through the history of 3D printing. 

 

 

2.2 History of 3D Printing  

 

 

The story of 3D printing began in the late 1980s when it was known as Rapid Prototyping 

(RP). Initially conceived as a faster and cost-effective method for creating prototypes in 

industries, the first patent application for RP technology was filed by Dr. Kodama in 

Is 3D Printing and Additive 
Manufacturing is same? 

3D Printing and Additive Manufacturing 

(AM) essentially refer to the same process. 

They both involve building objects layer by 

layer from a digital model. "Additive 

manufacturing" is the broader term that 

encompasses various techniques of creating 

objects layer by layer, including 3D Printing. 

So, while "3D Printing" is a commonly used 

term, "Additive manufacturing" is often 

preferred in industrial contexts to 

encompass a wider range of technologies 

and applications. 
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Japan in May 1980. However, due to a filing deadline issue, the patent application was 

voided. 

 

The first patent for 3D printing technology was granted in 1986 to Charles Hull for stereo 

lithography apparatus (SLA). He co-founded 3D Systems Corporation in 1983, a  

 

 

major player in the 3D printing sector today. The SLA-1, 3D Systems' first commercial 

RP system, was introduced in 1987. 

 

In the late 1980s, other key technologies emerged, including Selective Laser Sintering 

(SLS) patented by Carl Deckard in 1987 and Fused Deposition Modeling (FDM) patented 

by Scott Crump in 1989, who later co-founded Stratasys Inc. These technologies laid the 

foundation for diverse 3D printing methods. 

 

Throughout the 1990s and early 2000s, new 3D printing technologies continued to 

emerge, focusing on industrial applications, prototyping, and expanding into Rapid 

Tooling, Rapid Casting, and Rapid Manufacturing. Various companies were established 

during this period, such as Solidscape and ZCorporation in 1996, Arcam in 1997, and 

EnvisionTec in 2002. 

 

In the mid-1990s, the 3D printing sector diversified into high-end systems for complex 

part production and cost-effective systems for concept development and prototyping. 

These were still primarily for industrial applications. 

 

In 2007, the market saw the first 3D printing system under $10,000 from 3D Systems. 

This period marked the turning point for accessible 3D printing, and in 2009, the first 

commercially available 3D printer based on the open-source RepRap concept was 

offered for sale by BfB RapMan.  

 

2012 witnessed the introduction of alternative 3D printing processes at the entry level, 

including the B9Creator and the Form 1, both launched via Kickstarter. This period saw 

significant growth, consolidation, and increased media attention. 

 

In 2013, MakerBot was acquired by Stratasys, further emphasizing the growth and 

impact of 3D printing. Often referred to as the 2nd, 3rd, or even 4th Industrial 

Revolution, 3D printing continues to shape the industrial sector and demonstrate vast 

potential for consumers. The unfolding future of 3D printing remains a captivating 

narrative in the realm of technology and manufacturing. 

 

As of the early 2020s, 3D printing continues to evolve. Advances in speed, scale, and 

affordability are making the technology even more attractive across industries. 
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Continuous improvements in software and hardware are pushing the boundaries of 

what can be achieved, from large-scale construction projects using 3D-printed 

structures to innovations in aerospace and automotive manufacturing 

 

 

2.3 Classification of 3D Printing  
 

 

3D printing can also be classified on multiple parameters, each providing insights into 

the different aspects of the technology. Here are some key classification parameters: 

 

1. Based on Printing Technology:  

On the basis of printing technology, 3d printing can be classified as: 

• Stereolithography (SLA): Uses a laser to solidify liquid resin layer by layer. 

• Fused Deposition Modeling (FDM): Extrudes thermoplastic material layer by 

layer. 

• Selective Laser Sintering (SLS): Utilizes a laser to sinter powdered material layer 

by layer. 

• PolyJet Printing: Jets liquid photopolymer that solidifies under UV light. 

The above given is just an overview of the processes. The detailed description 

about each of the above used technology will be discussed in upcoming unit.  

 

2. Based on Materials Used: 

• Plastics: Commonly used in FDM and SLA printing. 

• Metals: Utilized in processes like Direct Metal Laser Sintering (DMLS). 

• Ceramics: Applied in certain specialized applications such as Binder jetting 3d 

printer 

• Biocompatible Materials: For medical applications, including tissue engineering. 

 

3. Application Areas: 

• Prototyping: Rapid production of prototypes for design validation. 

• Production Parts: Manufacturing end-use parts for various industries. 

• Medical Applications: Creating customized implants, prosthetics, and anatomical 

models. 

• Aerospace: Production of lightweight and complex components. 

 

4. Scale of Printing: 

• Desktop 3D Printers: Small-scale, affordable machines suitable for personal use. 

• Industrial 3D Printers: Larger machines capable of producing high-quality, 

complex parts. 
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5. Cost and Accessibility: 

• Consumer-Level 3D Printers: Affordable, user-friendly machines for home or 

educational use. 

• Professional-Grade 3D Printers: More expensive, with advanced features for 

professional applications. 

 

6. Speed of Printing: 

• High-Speed Printing: Faster printing processes for larger-scale production. 

• Standard Speed Printing: Balances speed with precision for various applications. 

 

 

2.4 Computer Neural Control (CNC) – Overview 

 

 

Here a question comes in our mind why we are studying this new term CNC? What it 

stands for? Why it become necessary to know about CNC along with 3D Printing or 

Additive manufacturing? 

So, CNC stands for Computer Numerical Control which is a modern manufacturing 

technique that uses computer software to automate and precisely control the 

movements of machine tools. This technology is embedded within the tools themselves, 

allowing for the creation of various metal and plastic parts. 

CNC is widely applied in manufacturing processes, especially for machines like mills, 

lathes, routers, drills, grinders, water jets, and lasers. These cutting tools can be 

automated using CNC, enabling efficient and accurate production. Additionally, CNC 

technology is versatile and extends beyond traditional machine tools, as it can also be 

employed in controlling non-machine tools like welding, electronic assembly, and 

filament-winding machines. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Is CNC and Subtractive Manufacturing is same? 

Yes, CNC (Computer Numerical Control) machining and 

subtractive manufacturing is essentially the same thing. 

Subtractive manufacturing refers to the process of creating 

objects by removing material from a larger piece, typically 

using techniques like cutting, drilling, milling, or grinding. CNC 

machining is a specific method of subtractive manufacturing 

where computer-controlled machines are used to precisely 

remove material from a workpiece according to a digital 

design. So, while "subtractive manufacturing" is the broader 

term, "CNC machining" is a specific subset of subtractive 

manufacturing that involves automated control through 
computers. 
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After understanding the terms CNC (Subtractive manufacturing) and 3D Printing 

(Additive manufacturing), let us learn the key differences between Subtractive and 

Additive Manufacturing. Are they reversing techniques of each other?  

 

Following are the key differences between CNC and Additive manufacturing: 

 

1. Material Removal vs. Material Addition: CNC removes material to create a final 

product, while additive manufacturing adds material layer by layer (as shown in 

Fig. 2.2) 

2. Precision and Detail: CNC is excellent for creating precise and detailed parts 

through cutting and shaping, while additive manufacturing allows for intricate 

designs and complex geometries. 

3. Waste Production: CNC can generate more waste as it removes material, while 

additive manufacturing tends to produce less waste since material is added only 

where needed. 

4. Versatility: CNC is often used for various materials like metal and plastic, 

whereas additive manufacturing is adaptable to a wider range of materials, 

including certain types of plastics, metals, ceramics, and even food.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hence, CNC and Additive Manufacturing are two different approaches to creating 

objects. CNC is like sculpting from a block of material, while Additive Manufacturing is 

like building with Lego bricks, adding one piece at a time. Each method has its strengths 

and is suitable for different applications in manufacturing. 

 

Fig. 2.2: Difference between Subtractive and Additive Manufacturing  
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Till now, we have discussed various approaches, such as CNC and 3D Printing. Now, we 

should be must aware about that for what purposes actually 3D printer can be used. Let 

us cover a short story: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

So, it mandatory to know about the actual usage of 3D printer. Like where to use? 

Therefore, let us understand the difference in Additive manufacturing and Traditional 

approach in plastic industry precisely.  

 

 

2.5 Additive Manufacturing VS Traditional Approach in Plastic Industry 

  

 

The plastic industry traditionally relies on methods like injection molding, extrusion, and 

blow molding for manufacturing various products.  

 

Injection molding involves injecting molten plastic into molds, extrusion creates 

continuous profiles like pipes, and blow molding forms hollow items. These processes 

are efficient for mass production but often involve high tooling costs and limited design 

flexibility. With the integration of 3D printing, significant changes have emerged. 3D 

printing allows for the creation of customized and intricate plastic designs, reducing 

tooling costs as molds are not required for each design. This method offers unparalleled 

design flexibility, enabling the production of complex geometries.  

 

Additionally, 3D Printing minimizes waste, making it more environmentally friendly. 

The versatility of material options in 3D Printing opens doors to a broader range of 

plastics. While traditional methods remain crucial for large-scale production, the 

Jai, a 17-year-old entrepreneur, wants to start his 

business selling different designs of plastic cups. 

However, he is unsure about the manufacturing and 
production process for the cups. 

The question arises: Can 3D Printing work here? 

The genuine answer to this question is 'YES,' but only 

for preparing the prototype of the product. Jai can 

design the product and print it via 3D printing to 
evaluate the prototype. 

On the other hand, the answer to the above question 

is 'NO' for mass production. This is because ample 

time is required for printing each product, making it 

inefficient for mass manufacturing. 
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inclusion of 3D Printing introduces a transformative approach, particularly beneficial for 

prototyping, customization, and the production of unique plastic components. 

 

2.5.1 Traditional Methods in the Plastic Industry 

Following are the traditional methods for manufacturing used in plastic industry: 

1. Injection Molding: 

Process: Molten plastic is injected into a mold cavity, cooled, and then ejected as 

a solid product. 

Application: Used for producing a wide range of plastic items, from small 

components to large products like automotive parts. 

Advantages: Cost-effective for large production volumes, high precision, and 

consistency. 

 

2. Extrusion: 

Process: Plastic material is melted and forced through a die to create a continuous 

profile, such as pipes, sheets, and films. 

Application: Commonly used for creating items like pipes, tubes, and sheets. 

Advantages: Continuous production, versatile for various shapes, and cost-

effective for long runs. 

 

3. Blow Molding: 

Process: Heated plastic is inflated into a mold, taking its shape as it cools. 

Application: Suitable for producing hollow objects like bottles, containers, and 

certain types of packaging. 

Advantages: Cost-effective for large quantities of hollow products. 

 

2.5.2 Changes with the Inclusion of 3D Printing Methods 

After the inclusion of 3D printing, Following are changes occurred: 

 

• Customization and Prototyping: 

Advantage: 3D Printing allows for the creation of highly customized and intricate 

plastic designs. It is particularly useful for rapid prototyping, enabling quick 

iterations and testing of new concepts before mass production. 

 

• Reduced Tooling Costs: 

Advantage: Unlike traditional methods that often require expensive molds for 

each design, 3D Printing doesn't necessitate the same level of tooling, making it 

more cost-effective for small batches and unique products. 
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• Design Flexibility: 

Advantage: 3D Printing offers greater design flexibility, allowing for the 

production of complex and geometrically intricate plastic parts that may be 

challenging or costly to achieve with traditional methods. 

 

• Environmental Considerations: 

Advantage: 3D Printing can be more environmentally friendly in terms of waste 

production. Traditional methods may generate more waste due to the need for 

subtractive processes and excess material, whereas 3D Printing adds material 

layer by layer, minimizing waste. 

 

• Versatility in Material Options: 

Advantage: While traditional methods are limited to specific plastic materials, 3D 

Printing allows for the use of a broader range of plastic materials, including 

specialty and composite materials. 

 

Additionally, 3D printing minimizes waste, making it more environmentally friendly. 

The versatility of material options in 3D printing opens doors to a broader range of 

plastics. While traditional methods remain crucial for large-scale production, the 

inclusion of 3D printing introduces a transformative approach, particularly beneficial for 

prototyping, customization, and the production of unique plastic components. 

 

Do you know? 

 

Rapid Tooling in 3D Printer 

 

Rapid tooling is a manufacturing process that uses special techniques and 

technologies to quickly and efficiently produce high-quality production tools. 

One of the main benefits of rapid tooling is that manufacturers can quickly and 

easily produce custom tools and parts that can be used for a variety of 

applications such as prototyping, testing and low-volume production. 

 

 

2.6 Disadvantages of 3D Printing  

 

 

Despite the numerous advantages, it is important to acknowledge that there are also 

drawbacks to 3D Printing. Here are the disadvantages listed: 

1. High initial and ongoing costs. 

2. Slower printing speeds, especially for intricate designs. 

3. Limited material options compared to traditional manufacturing methods. 

4. Challenges in maintaining consistent print quality. 
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5. Difficulty in printing certain designs without support structures. 

6. Post-processing requirements for achieving desired finishes. 

7. Environmental concerns associated with certain printing materials. 

8. Risks of intellectual property infringement due easing of design replication. 

9. Size limitations on the objects that can be printed. 

10. Need for specialized expertise in design and troubleshooting 

 

 

2.7 General Steps of 3D Printing Process 

 

 

Following are the general steps (as shown in Fig. 2.3) involved in 3D printing process: 

 

 
 

 

 

1. Designing: 

Step 1: Create a digital 3D model of the object using computer-aided design (CAD) 

software. 

Step 2: Ensure the model is error-free and ready for printing. 

 

 

 

 

 

 

2. Slicing: 

Step 3: Use slicing software to divide the digital model into thin layers (slices). 

In addition to professional design software like AutoCAD and SketchUp, 

free alternatives such as TinkerCAD, an open-source platform, are also 

accessible. In our Class XII curriculum, we will cover fundamental drawing 

skills using TinkerCAD. 

Fig 2.3 General steps of 3D Printing Process 
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Step 4: Convert the sliced model into G-code, a language the 3D printer 

understands. 

 

 

 

 

3. Preparing the Printer: 

Step 5: Turn on the 3D printer and ensure its properly calibrated. 

Step 6: Load the selected printing material, usually plastic filament, into the 

printer. 

 

4. Printing: 

Step 7: Start the printing process, and the 3D printer will heat the filament and 

begin depositing layers. 

Step 8: The printer builds the object layer by layer according to the G-code 

instructions. 

 

5. Monitoring: 

Step 9: Periodically check the 3D printer to ensure it is operating smoothly. 

Step 10: Wait for the printing process to complete. 

 

6. Removing the Object: 

Step 11: Once the 3D printer finishes, carefully remove the printed object from 

the printer bed. 

 

7. Post-Processing: 

Step 12: Depending on the print, some objects may require post-processing like 

sanding or painting.   

 

8. Completion: 

Step 13: The 3D printing process is complete, and you have a physical object 

created from the digital model.  

 

 

2.8 Role and Importance of 3D Printer  

 

 

It is very clear that without the role and importance of 3D Printers are diverse and 

impactful. Here are some key aspects: 

 

 

 

The name of a commonly used slicing software for 3D printing is "Cura," 

developed by Ultimaker. 
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1. Prototyping and Product Development: 

Role: 3D Printing is extensively used for rapid prototyping in product 

development.  

Importance: This speeds up the product development cycle, reduces costs, and 

enables iterative testing and refinement of prototypes before mass production. 

 

2. Customization and Personalization: 

Role: 3D Printing enables the production of highly customized and personalized 

products. 

Importance: In industries like healthcare, dentistry, and fashion, 3D Printing is 

used to create patient-specific medical implants, dental prosthetics, and 

personalized fashion items. 

 

3. Low-Volume Manufacturing: 

Role: 3D Printing is utilized for low-volume and on-demand manufacturing. 

Importance: It allows companies to produce small batches of products 

economically and respond quickly to market demands, avoiding the need for 

expensive molds or tooling. 

 

4. Aerospace and Automotive Applications: 

Role: 3D Printing is used in the aerospace and automotive industries for creating 

lightweight and complex components. 

Importance: This technology contributes to fuel efficiency in vehicles and aircraft 

by reducing overall weight while maintaining structural integrity. 

 

5. Medical and Healthcare: 

Role: 3D Printing is employed for producing medical implants, prosthetics, and 

custom surgical guides. 

Importance: It enables tailored solutions for patients, leading to better outcomes 

in surgeries and improving the quality of life for individuals with personalized 

medical devices. 

 

6. Architectural Modeling: 

Role: Architects use 3D Printing to create detailed scale models of buildings and 

structures. 

Importance: This aids in visualization, design validation, and communication 

with clients and stakeholders. 

 

7. Art and Design: 

Role: Artists and designers utilize 3D Printing for creating intricate and unique 

art pieces. 
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Importance: It opens up new possibilities for artistic expression and the 

production of complex and unconventional designs. 

 

8. Supply Chain and Logistics: 

Role: 3D Printing can be used to produce spare parts on-site, reducing the need 

for extensive inventories. 

Importance: This can lead to more efficient supply chains, particularly in remote 

locations or during emergencies. 

 

 

2.9 Various Software used in 3D Printing  

 

 

As above discussed, there are multiple steps or processes involved in 3d printing 

process. Hence, there are multiple software used for an individual step (or process) to 

get executed.  

 

1. Design Software: 

• TinkerCAD: Simple and user-friendly, suitable for beginners. 

• Fusion 360: More advanced, offering parametric modeling and collaboration 

features. 

• Blender: A versatile open-source tool for 3D modeling and animation. 

 

2. Slicing Software: 

• Cura: Widely used open-source slicing software that works with many 3D 

printers. 

• Simplify3D: Commercial slicing software known for its advanced features and 

customization options. 

 

These software tools cater to different aspects of the 3D printing workflow, from 

designing and modeling to preparing files for printing and controlling the printing 

process itself. The specific software chosen often depends on the user's expertise, the 

complexity of the project, and the desired features. 

 

 

Activities 

 

 

Activity 1: Evolution of 3D Printing (Research-Based Activity) 

 

Objective: Understanding of the history and development of 3D Printing technology. 
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Materials Needed:  

1. Internet access 

2. Laptop/Desktop  

3. Presentation software (e.g., PowerPoint, Google Slides). 

 

Instructions: 

1. Read the history of the 3D Printer as provided in this chapter.  

2. Choose a specific period or milestone in the evolution of 3D Printing (e.g., the 

invention of SLA, the introduction of desktop 3D Printers). 

3. Conduct research on their assigned topic, focusing on key events, technological 

advancements, and notable figures. 

4. Gather information from credible sources such as articles, journals, and reputable 

websites. 

5. Create the presentation, including slides on the background, timeline, significant 

developments, and impact of their assigned period. 

6. Allocate time for presentation to present their findings to the class, allowing for 

questions and discussions afterward. 

7. Facilitate a concluding discussion on the overall evolution of 3D Printing, 

highlighting key technological advancements and their implications for various 

industries. 

 

 

Check Your Progress 

 

 

A. Multiple Choice Questions (MCQ): 

1. What was the initial term for 3D Printing in the late 1980s? 

a) Rapid Manufacturing 

b) Rapid Prototyping 

c) Rapid Casting 

d) Additive Manufacturing 

 

2. Which of the following is NOT a commonly used 3D Printing technology? 

a) Stereolithography (SLA) 

b) Fused Deposition Modeling (FDM) 

c) Selective Laser Cutting (SLC) 

d) Selective Laser Sintering (SLS) 

 

3. Who was granted the first patent for 3D Printing technology? 

a) Charles Hull 

b) Carl Deckard 

c) Dr. Kodama 
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d) Scott Crump 

 

4. What is the term used for the process of dividing a digital model into thin layers in 

preparation for 3D Printing? 

a) Extrusion 

b) Modeling 

c) Slicing 

d) Rendering 

 

5. Which software is commonly used for designing 3D models in a beginner-friendly 

manner? 

a) Fusion 360 

b) Blender 

c) AutoCAD 

d) TinkerCAD 

 

B. Fill in the blank  

1.3D Printing is a process of creating three-dimensional objects ___________ by layer from 

a digital model. 

 

2.The first patent for 3D Printing technology was granted in 1986 to ___________ for stereo 

lithography apparatus (SLA). 

 

3.CNC stands for Computer ___________ Control, a modern manufacturing technique. 

 

4.Injection molding, extrusion, and blow molding are traditional methods used in the 

___________ industry. 

 

5.3D Printing minimizes waste compared to traditional methods as it adds material layer 

by layer, reducing ___________. 

 

C. Answer the following  

 

1.Explain the significance of 3D Printing in manufacturing and design 

2.Describe one key advancement in 3D Printing technology that occurred in the late 

1980s. 

3.Discuss the differences between CNC (subtractive manufacturing) and 3D Printing 

(additive manufacturing). 

4.How has 3D Printing transformed the plastic industry compared to traditional 

manufacturing methods? 

5.Why is it essential for students to understand the basics of 3D Printing and its 

applications in today's technology-driven world? 
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Module 3 3D Printer and its Installation  

 

 

Module Overview 

 

 

This module covers key components of a 3D printer, such as the print bed, nozzle, and 

filament. It explains the hardware and software needed to set up a 3D printer, including 

the computer and specific programs. Students will also learn the general steps for 

installing a 3D printer, from unboxing and assembling the parts to connecting it to a 

computer and installing the necessary software. This overview will give students a basic 

understanding of how to set up and prepare a 3D printer for use. 

 

 

Learning Outcomes 

 

 

After completing this module, you will be able to: 

• Identify the key components of 3D Printer  

• Understand the essential Hardware and software needed for 3D printer 

installation. 

 

 

Module Structure 

 

3.1 Components of 3D Printer  

3.2 Hardware and software requirement for installation of 3D Printer  

3.3General Procedure for installation of 3D Printer  

 

 

3.1 Components of 3D Printer  

 

 
It is important to understand 3D Printer in detail. Like how it works? What are the 
components of a 3D Printer? What are the functions performed by these components? 
In this chapter we will understand all this in brief. Till now, we have learnt about the 
basics of 3D Printer and its role in plastic industry. Now it’s the time to explore more 
about technical aspects of 3D Printer.   
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. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
4.1 COMPONENTS OF 3D PRINTER  
A 3D Printer is composed of several key parts that work together to create three-
dimensional objects from digital models. Here are some of the main components: 
 

1. Frame: The frame (as shown in Fig. 3.1) provides 

the structural support for the printer. It holds all 

the other components in place and provides 

stability during printing. The frame provides the 

structural integrity and stability for the printer. It 

can be made of various materials such as 

aluminum, steel, acrylic, or even wood. A sturdy 

frame is essential for maintaining accuracy and 

consistency in the printing process, especially 

 during rapid movements of the print head  
 and bed. 
 

2. Extruder: The extruder (as shown in Fig. 3.2) is the 

component responsible for feeding filament into the 

hotend, melting it, and depositing it onto the print bed 

layer by layer. It consists of several parts, including a 

motorized gear assembly (hobbed bolt or gears), a drive 

gear, and a mechanism to guide the filament into the 

hotend. Some printers have dual extruders, allowing for 

multi-material or multi-color printing.  

 
 
 

Fig 3.1 Frame of 3D Printer 

Diksha, a young student with a curious mind, 

was eager to explore the inner workings of a 3D 

Printer. She wanted to understand the various 

components that come together to form this 

remarkable machine capable of creating three-

dimensional structures 

Fig 3.2 Extruder 
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3. Hotend: This component heats the filament to its melting point, allowing it to be 

extruded onto the print bed. The hot end (as shown in 

Fig. 3.3) is the part of the extruder that heats the 

filament to its melting point and extrudes it onto the 

print bed. It typically consists of a heating element 

(such as a cartridge heater or a resistor), a temperature 

sensor (thermistor or thermocouple), a nozzle through 

which the melted filament is extruded, and a heatsink 

to cool the filament rapidly after extrusion. The 

disassembled extruder is also shown in Fig. 3.4. 

 

 
 
 
 
 
 

4. Print Bed: The print bed (as shown in Fig. 3.5) 

is the surface where the object is built. It can 

be heated or unheated, depending on the 

printer model and the type of filament being 

used. Heated beds help prevent warping by 

keeping the bottom layers of the print at an 

elevated temperature. Some print beds have 

special coatings to improve adhesion.  

 

Fig 3.3 Hotend  

Fig 3.5 Print bed 

Fig 3.4 Disassembled Extruder 
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5. Stepper Motors: Stepper motors (as shown in Fig. 

3.6) are used to control the movement of the print 

head and print bed along the X, Y, and Z axes (as 

shown in Fig. 3.7). They provide precise and 

controlled motion in increments called steps. 

Stepper motors are preferred in 3D Printers because 

they allow for accurate positioning without the need 

for feedback mechanisms like encoders. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. Endstops: Endstops are sensors placed at the ends of 

each axis to detect when the print head or bed has 

reached its limit of motion. They help prevent the 

printer from attempting to move beyond its physical 

boundaries, which could cause damage to the printer 

or the printed object. Endstops (as shown in Fig. 3.8) 

can be mechanical switches, optical sensors, or hall 

effect sensors. 

 
 

7. Controller Board: The controller board is the "brain" of the 3D Printer. The 

controller board, also known as the mainboard or motherboard, is the central 

processing unit of the 3D Printer. It contains the microcontroller (such as an 

Arduino or a custom-designed chip) that interprets the G-code instructions 

generated by slicing software. The controller board regulates the movement of 

stepper motors, controls the temperature of the hot end and heated bed, and 

manages other aspects of the printing process.  

Fig 3.6 Stepper Motor 

Fig 3.7 X-Y-Z Axis of 3D Printer 

Fig 3.8 Endstops 
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8. LCD Display and Control Interface: Many 

3D Printers have an LCD display (as shown in 

Fig. 3.9) and control interface that allows 

users to interact with the printer, select files 

for printing, monitor progress, and adjust 

settings. The LCD display and control 

interface allow users to interact with the 

printer directly. It typically includes a 

graphical display, options for selecting files, 

adjusting settings, and monitoring the printing progress. Some printers may also 

have touchscreen interfaces for a more intuitive user experience. It not 

mandatory that all 3D Printers have this display. 

 

9. Cooling Fans: Cooling fans (as shown in Fig. 3.10) help 

to cool down the printed layers quickly to prevent 

warping and ensure better print quality. Cooling fans in 

3D Printers rapidly cool down printed layers, 

preventing warping and ensuring precise details. They 

help solidify plastic quickly, improving print quality by 

reducing imperfections like drooping or stringing.  

Essential for materials like PLA, they ensure uniform 

cooling across all layers, particularly beneficial for 

overhangs and bridges. Adjustable fan speeds allow users to optimize cooling for 

different materials and print geometries.  

 
 

10. Filament Spool Holder: The filament spool holder 

(as shown in Fig. 3.11) in a 3D Printer is a 

component designed to hold the spool of filament 

securely in place during the printing process. It 

typically consists of a rod or axle on which the 

filament spool rotates freely, allowing the filament 

to be pulled smoothly into the extruder. The holder 

is positioned either on the printer itself or 

externally, and its design may vary depending on 

the printer model and filament type. Proper 

placement and alignment of the spool holder are 

essential to ensure uninterrupted filament feed  

and successful printing. 
 
 

Fig 3.10 Cooling fans 

Fig 3.11 Filament 

Spool Holder 

Fig 3.9 LCD Display 
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These are some of the essential parts (as shown in Fig. 3.12) found in most 3D Printers, 
though the exact components and configurations can vary depending on the make and 
model of the printer. 
 

 
 

 
 
 
 
 
 
 
          
 

 

 

 

 

 
4.2 Hardware and Software Requirements for Installation of 3D Printer  
 
 
Although there are no such high-end requirements for installation of a 3D Printer but 
some general specifications must be there for proper functioning of the printer.  
 
4.2.1 Hardware Requirements 
 

To set up a 3D Printer, you generally do not need a high-end computer, but there are 
some basic hardware requirements to ensure smooth operation and compatibility with 
3D Printing software. Here are the key hardware requirements: 
 
1.Operating System: 
Most 3D Printers are compatible with Windows, macOS, and Linux operating system. 
Ensure that your computer is running a supported operating system. 
 
2.Processor (CPU): 
A modern multi-core processor is generally sufficient for 3D Printing. A dual-core or 
quad-core processor should work well. However, a faster processor can enhance the 
performance when using slicing software. 
At least 8 GB of RAM is recommended for 3D Printing. More RAM can be beneficial, 
especially when working with large and complex 3D models. 
 
4.Graphics Card (GPU): 
A dedicated graphics card is not strictly required for 3D Printing, as most slicing and 
printing processes are CPU-dependent. However, a decent GPU can be helpful when 
working with 3D modeling software or for visualizing complex models. 

Fig 3.12 Components of 3D Printer 
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5.Storage: 
Adequate storage space is needed for storing 3D models and sliced files. A solid-state 
drive (SSD) is preferable for faster data access, but a traditional hard disk drive (HDD) 
with sufficient space will also work. 
 
6.USB Ports: 
Ensure that your computer has available USB ports to connect the 3D Printer. Most 3D 
Printers use USB connections for communication. 
 
7.Internet Connectivity: 
An internet connection is helpful for downloading 3D models, firmware updates, and 
software. However, it is not strictly required for basic 3D Printing operations. 
 
8.Power Supply: 
Make sure your computer has a stable power supply to avoid interruptions during the 
3D printing process. 
 
4.2.2 Software Requirements 
To operate a 3D Printer, you will need both firmware for the printer itself and software 
on your computer to design, slice, and send print jobs to the printer. Here are the key 
software requirements: 
 
1.Firmware for the 3D Printer: 
The firmware is the software that runs directly on the 3D Printer's control board. 
Manufacturers usually provide firmware updates, so make sure your printer is running 
the latest version. Firmware updates can include improvements, bug fixes, and new 
features. 
 
Firmware is a form of microcode or program embedded into hardware devices to help 
them operate effectively. Hardware like cameras, mobile phones, network cards, optical 
drives, printers, routers, scanners, and television remotes rely on firmware built into 
their memory to function smoothly.  
 
Firmware is often referred to as “software for hardware.” However, there is a difference 
between firmware and software. Firmware provides instructions to help hardware start 
up, communicate with other devices, and perform basic input/output tasks. Software, on 
the other hand, is installed onto a device and used for interaction, such as browsing the 
internet, word processing, listening to music, and videoconferencing.  
 
2.3D Modeling Software: 
You'll need software to create or modify 3D models. Popular 
choices include: 

• TinkerCAD: Beginner-friendly, web-based software (its 
logo is shown in Fig. 3.13) 

• Fusion 360: More advanced, with parametric 
modeling. Free for hobbyists. 

• Blender: A powerful, open-source option for 3D modeling and animation. 

Fig 3.13 TinkerCAD Logo 
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3. Slicing Software: 
Slicing software converts 3D models into the G-code that your 
3D Printer can understand. Common slicing software includes: 

• Cura: A widely used open-source slicing software. (its 
logo is shown in Fig. 3.14) 

• PrusaSlicer: Developed by Prusa Research, optimized 
for Prusa printers. 

• Simplify3D: A paid option with advanced features.  
 
 
 
4.Printer Drivers: 
Ensure that your computer has the necessary drivers for your 3D printer. Some printers 
may require drivers to be installed on your computer for proper communication. 
 
5.Internet Browser: 
If you are using web-based 3D modeling software or accessing online repositories of 3D 
models, you will need a compatible internet browser. 
 
Remember to check the specific requirements of your 3D Printer model and the software 
you plan to use, as these can vary. Always refer to the documentation provided by the 
3D Printer manufacturer for the most accurate and up-to-date information. 
 
 
3.3 General Procedure for installation of 3D Printer  
 
 
Let us breakdown the procedure of calibration and installation process of 3D Printer: 
 
1.Unboxing and Assembly: 

• Carefully unpack all components from the packaging. 
• Follow the manufacturer's assembly instructions, which typically include 

attaching the frame, bed, extruder assembly, and filament spool holder. 
• Ensure all components are securely attached according to the instructions. 

 
2. Leveling the Bed:  
This is one of the most essential process in installation of 3D Printer. Following are the 
basic steps to be followed: 

• Access the bed leveling feature on your printer, either manually or through 
automatic bed leveling. 

• Adjust the bed height using leveling screws or knobs until it is level across all 
corners. 

• Use a piece of paper or feeler gauge to check the distance between the print nozzle 
and the bed surface, adjusting as necessary until there is slight resistance when 
moving the paper. 

 
 

Fig 3.14 Cura 

Software Logo 
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3.Filament Installation: 
• Load the filament spool onto the spool holder. 
• Insert the end of the filament into the filament guide tube or directly into the 

extruder mechanism. 
• Follow the printer's instructions to feed the filament into the extruder until it 

reaches the hotend. 
 
4.Temperature Calibration: 

• Set the desired temperatures for the print bed and extruder in the printer's 
interface or firmware settings. 

• Allow the printer to heat up to the specified temperatures and stabilize. 
 

 
Activities 

 
 
Activity 1: Enlist the functions of different components of 3D Printer. 
Materials Required: 

1. 3D Printer (OR) Picture of 3D Printer. 
2. Pencil  
3. Pen  
4. Notebook 

Procedure: 
1. Examine different parts of 3D Printer 
2. Enlist all the name of the components of 3D Printer 
3. Choose a specific component 
4. Mention its functions and go through the role and importance of that component 

in working of 3D Printer.  
5. Prepare a short presentation on the information collected so far. 

 
 

Check your Progress 
 
 
A. Multiple Choice Questions  
 
1. What is the purpose of the extruder in a 3D Printer? 
a) To heat the print bed 
b) To guide filament into the hotend 
c) To control stepper motors 
d) To monitor temperature 
 
2. Which component of a 3D Printer is responsible for detecting motion limits? 
a) Extruder 
b) Stepper Motors 
c) Endstops 
d) Hotend 
 



 

  

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT                                                  BHOPAL 

 

35 Operator – Plastic 3D Printing- Grade XI  

 
3. What is the function of the controller board in a 3D Printer? 
a) Heating filament 
b) Managing filament spool 
c) Interpreting G-code instructions 
d) Cooling printed layers 
 
4. Which software converts 3D models into G-code? 
a) 3D Modeling Software 
b) Slicing Software 
c) Firmware 
d) Printer Drivers 
 
5. What is the purpose of bed leveling in the installation process of a 3D Printer? 
a) To adjust filament temperature 
b) To ensure stability of the frame 
c) To level the print bed surface 
d) To connect to the internet 
 
B. Fill in the Blanks: 
 
1.The frame of a 3D Printer provides __________ support and stability during printing. 
2.________ are used to control the movement of the print head and print bed. 
3.________ is the component that heats the filament to its melting point. 
4.________ converts 3D models into G-code. 
5.________ is the software that runs directly on the 3D Printer's control board. 
 
C. Answer the following: 
1.Why is proper bed leveling important in 3D Printing? 
2.How does the extruder work in a 3D Printer? 
3.What role does slicing software play in the 3D Printing process? 
4.Name two popular slicing software used in 3D Printing. 
5.Why is firmware important for a 3D printer? 
 

 

Module 4 

 

 

3S Printing Methods   

 

 

Module Overview 

 

 

This module covers all the terminologies used in 3D printin. Understanding these terms 

will help students grasp the basics of the technology. The module also explores different 

methods of 3D printing, explaining processes like Fused Deposition Modeling (FDM), 
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Stereolithography (SLA), and Selective Laser Sintering (SLS). By the end of the module, 

students will be familiar with the language of 3D printing and understand the various 

techniques used to create 3D objects. 

 

 

Learning Outcomes 

 

 

After completing this module, you will be able to: 

• Understand various terminologies used in 3D printing. 

• Identify different methods of 3D Printing.  

• Describe different methods of 3D Printing. 

 

 

Module Structure 

  

4.1 Terminologies used in 3D printing  

4.2 Method of 3D Printing  

 

4.1 Terminologies used in 3D Printing  

 

 

To explore the 3D Printing process, we must be familiar with the basics of it and most 
precisely the terminologies used in 3D printing. Following are the basic terms used in 
3D printing: 
 

1. Support Structures: Temporary structures (as shown in Fig. 4.1) generated 

during printing to support overhanging features, ensuring successful fabrication. 

These are additional elements added to a model during printing to provide 

structural support for overhanging or intricate features. They prevent deformities 

and ensure successful printing by stabilizing these areas. Once printing is 

complete, support structures are removed manually, leaving behind a clean 

surface on the finished object. 

 

 

 

 

 

 

 

 

 
Fig 4.1: Support structures for 3D printed spectacles design  
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2. Infill: Infill is the internal structure of a 3D printed object, resembling a lattice or 

honeycomb pattern. It adds strength and stability to the object while reducing 

material usage and print time. Infill density can be adjusted to balance strength 

and material efficiency, with higher densities providing more strength but 

requiring more material and time to print. Infill percentage is typically specified 

in slicing software, allowing users to customize the internal structure according to 

their needs. 

 

3. Layer Height/Resolution: FDM 3D prints are made of many layers built 

cumulatively that consist of concentric walls filled in with skin or infill. The height 

of the layer is adjustable, with larger layer heights resulting in faster printing but 

loss of detail in the form of more visible layers and stepping. This is where adaptive 

layers come into play, as it uses tall layers on sections of a print with little detail 

and small layers where larger layers would result in ugly stepping. While not 

necessary all the time, this setting is great for large aesthetic prints. The thickness 

of each layer in the 3D printing process, affecting the print's detail and surface 

finish. Changing layer height can change the overall finish of the product (as shown 

in Fig. 4.2), 

 

 

 
 

 

 

 

 

It can be observed from the above figure that the less the layer thickness, more 

finishing print will be obtained.  

Like it can be said that.  

“Layer thickness is directly proportional to finish of the print and inversely 

proportional to the time of printing.” 

 

Fig 4.2: Same object made with different 

layer thickness.  
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4. Bridging: Bridging  refers to 3D printing 

horizontally from one isolated point directly to 

another with no material supporting it. Cooling is 

crucial for bridging, so cooling fan speed should be 

increased. Additionally, print speed should be 

reduced and printing temperature should be 

lowered so that the plastic can quickly cool once 

extruded. 

 

Bridging (as shown in Fig. 4.3) occurs when the 

printer extrudes filament across a gap between two 

solid sections of a printed object. The printer creates 

the bridge by laying down successive layers of 

filament in a controlled manner, ensuring that the 

filament adheres to the sides of the gap and  

spans it without sagging or drooping. 

 
 
5. Slicer: A slicer is a program that turns a 3D design into a list of commands that a 

printer uses to print a model. Without a slicer, your 3D printer cannot print; it 

needs instructions in the form of G-code. 

There are many different  slicer programs that you can use (Cura, PrusaSlicer, 

and Simplify3D being some of the most popular for FDM), and they each have 

different adjustable settings. 

 

6. STL & OBJ Files: stl and .obj files are two common 3D model file types used to 

store 3D Printable models. When one finds a design on the   web, it’s usually best 

to download it in one of these two file types, as most slicers are able to import 

them. 

 
7.    Build Gap: The build gap (as shown in Fig. 4.4) in a 3D printer is the distance 

between the print nozzle and the print bed surface. It is crucial for ensuring 

proper adhesion and print quality. Adjusting the build gap during bed leveling 

ensures the nozzle does not scrape the bed or that the print does not detach. It 

directly impacts the initial layer height and overall print quality. 

 
 
 
 
 
 
 
 

Fig 4.3: Bridging in 

3d Printing  

 

https://all3dp.com/2/bridging-3d-printing-tips-tricks-for-perfect-bridges/#i-10-6-use-dry-filament
https://all3dp.com/2/what-is-a-3d-slicer-simply-explained/
https://all3dp.com/topic/g-code/
https://all3dp.com/1/best-3d-slicer-software-3d-printer/
https://all3dp.com/1/cura-tutorial-software-slicer-cura-3d/
https://all3dp.com/2/prusaslicer-simply-explained/
https://all3dp.com/2/simplify3d-beginner-s-guide-to-this-premium-slicer/
https://all3dp.com/3d-file-format-3d-files-3d-printer-3d-cad-vrml-stl-obj/
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8. Build Orientation: Build orientation (as shown in Fig. 4.5), also known as part 

orientation, is a crucial factor in 3D printing because it affects the part's strength, 

accuracy, surface finish, and print speed. It shows how the part is positioned 

relative to the printer's three major axes. 

 
 

 
 

 
 
 
 

9. Skirt: A skirt in 3D printing is a detached perimeter that surrounds the model 

being printed. While it does not directly contribute to bed adhesion, it serves 

Fig 4.5: Assessing the build orientation of 

same design  

Fig 4.4: Build Gap 

(Maintaining proper build gap) 
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two important purposes. Firstly, it primes the nozzle by allowing filament to 

flow consistently before the actual printing of the model begins. This helps 

ensure that the filament is extruding smoothly and eliminates any potential 

issues with uneven extrusion. Secondly, the skirt acts as a test print to confirm 

that the bed is level and that the first layer will adhere properly. If the skirt 

prints evenly and adheres well to the bed, it indicates that the printer is 

properly calibrated and ready to print the main model.  

 
10. Brim: A brim is a multi-line skirt that extends from the base of the part to be 

printed (i.e. the two are connected). A brim, which is meant to be removed after 

printing, provides added adhesion without wasting too much filament or time. 

It can also be an effective solution against warping. 

 

11. Raft: A base layer printed beneath the object to improve adhesion and prevent 

warping. 

Comparison between Skirt, Brim and Raft (as shown in Fig. 4.6) 

 

 
 

 
 
 
 
 
 

Feature Skirt Brim Raft 

Purpose 

 

Priming the nozzle, 

bed leveling 

Enhancing bed 

adhesion 

Providing a stable 

base for print 

Placement 

 Around the model Around the model 

Underneath the 

entire model 

Attachment 

 

Detached from the 

model 

Attached to the 

model 

Attached to the 

model and bed 

Material Usage 

 

Minimal 

 Moderate Significant 

Removal 

 

Not attached to the 

model, easily 

removed 

Attached to the 

model, trimmed 

away 

Attached to the 

model and bed, 

fully removed 

Print Quality 

 

No direct impact 

on print quality 

 

Can improve print 

quality 

 

May leave rough 

surface on bottom 

Time Efficiency 

 

Quick to print 

 

Slightly increases 

print time 

Increases print 

time 

 

Fig 4.6: Comparison between Skirt, Raft and Brim  

https://all3dp.com/2/3d-printing-brim-when-should-you-use-it/
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12. G-code: G-code, in the context of 3D printing, is indeed the programming 

language that instructs the movements and actions of the 3D printer. It is 

generated from the 3D model by slicing software, which translates the digital 

model into a series of instructions that the printer can understand. 

 

To relate G-code to coordinates in a graph, let us consider how G-code commands 

correspond to movements in three-dimensional space, similar to plotting points on a 

graph. 

 

➢ Coordinates in Graphs: In a two-dimensional Cartesian coordinate system, 

points are represented by pairs of numbers (x, y), where 'x' represents the 

horizontal position and 'y' represents the vertical position. For example, the point 

(3, 4) indicates a position three units to the right and four units upwards from the 

origin (0, 0). 

 

➢ G-code and Coordinates: In 3D printing, G-code commands specify movements 

in three dimensions: X, Y, and Z. Each G-code command instructs the printer to 

move to a specific position in space. For instance: 

 

• G0 X10 Y20 Z5: This command moves the print head to the 

coordinates X=10, Y=20, and Z=5. 

 

• G1 X5 Y5 Z10: This command moves the print head in a straight line 

from its current position to the coordinates X=5, Y=5, and Z=10. 

 

➢ Movements in 3D Space: Just as points on a graph can be connected 

by lines to form shapes, G-code commands can be executed sequentially 

to create paths that form layers of a 3D object. Each movement 

command represents a change in position along the X, Y, or Z axis. 

 

➢ Layer-by-Layer Printing: Similar to how a graph may have multiple 

layers of points, a 3D print consists of multiple layers stacked on top of 

each other. G-code commands generate instructions for each layer, 

dictating the precise movements required to build up the object from 

the bottom layer to the top. 

 

Hence, G-code serves as the bridge between the digital model and the physical object, 

providing instructions for the printer to navigate through three-dimensional space, 

much like plotting points on a graph with coordinates. Each G-code command 

corresponds to a specific movement or action, allowing the printer to accurately 

reproduce the geometry of the 3D model. 
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13. Filament: Filament (as shown in Fig. 4.7) used in Fused Deposition Modeling 

(FDM) 3D printing is typically thermoplastic material that comes in the form of 

a long, thin strand wound onto a spool.  

 

 

 

 

 

 

 

 

 

 

 

 

• Material Type: FDM printers use a variety of thermoplastic materials, 

including PLA (Polylactic Acid), ABS (Acrylonitrile Butadiene Styrene), 

PETG (Polyethylene Terephthalate Glycol), TPU (Thermoplastic 

Polyurethane), and many more. Each material has its own unique 

properties, such as strength, flexibility, temperature resistance, and 

ease of printing. We will understand these materials in detail in Class 

XII.  

 

• Diameter: Filament diameter commonly used in FDM printing is either 

1.75mm or 2.85mm (3mm). The diameter must match the 

specifications of the printer's filament feeding system for proper 

extrusion. 

 

• Forms: Filament can come in various forms, including solid colors, 

transparent, translucent, or even specialty filaments infused with 

additives like wood fibers, metal particles, or glow-in-the-dark 

materials. 

 
14. Post-Processing: Post-processing in 3D printing involves the steps taken to 

refine and enhance printed objects after they are removed from the printer. 

This includes removing any support structures, smoothing the surface to 

eliminate layer lines, applying finishes such as painting or varnish, 

assembling multi-part objects, and conducting functional testing to ensure 

performance. Certain materials may require additional steps like post-curing 

with UV light for full hardening. Post-processing not only improves the 

appearance and durability of printed objects but also ensures they meet the 

Fig 4.7: Filament used in FDM  
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required specifications and functionality This is a wide topic which will be 

discussed in Class XII as a separate chapter.  

 
15. Bio printing: The application of 3D printing technology to create biological 

structures, tissues, or organs. 

 

16. Resolution: Resolution in 3D printing refers to the level of detail and 

precision at which a printer can create objects. It is typically measured in 

terms of layer height, which is the thickness of each layer deposited during 

printing. A lower layer height results in finer detail and smoother surfaces 

but may increase print time. Additionally, resolution can also be influenced 

by factors such as nozzle diameter, print speed, and the accuracy of the 

printer's mechanical components. Higher resolution allows for the creation 

of more intricate and accurate objects, while lower resolution may be 

sufficient for less detailed prints where speed is a priority. 

 
17. Z Offset: The Z offset is like the space between the nozzle of the 3D printer 

and where it starts printing on the bed. Normally, we do not need to worry 

about it, but if we change the bed material, like using thicker glass, we might 

need to make some adjustments. Sometimes, during a print, we might notice 

problems with the first layer sticking to the bed. To fix this, we can use 

something called "Baby Steps." This lets us adjust the nozzle up or down a 

little bit while the printer is running. We do this to make sure the first layer 

sticks well to the bed but does not press too hard and damage it. We can do 

all this through the printer's menu on its screen. 

 

 

4.2 Methods of 3D Printing  

 

 

3D printing makes it easier for regular people, small businesses, and new entrepreneurs 

to create things without spending too much money upfront. Unlike traditional 

manufacturing that needs costly tools and molds, 3D printing allows more folks to join 

in. This helps bring fresh ideas to life without the usual challenges of traditional 

manufacturing. There are several methods of 3D printing and all these are differentiated 

on the process involved for 3d printing. Following are such methods: 

 

4.2.1 Stereolithography (SL)  

Stereolithography is widely recognized as the first 3D printing process; it was certainly 

the first to be commercialized. SL is a laser-based process that works with photopolymer 

resins that react with the laser and cure to form a solid in a very precise way to produce 

very accurate parts. It is a complex process, but simply put, the photopolymer resin is 
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held in a vat with a movable platform inside. A laser beam is directed in the X-Y axes 

across the surface of the resin according to the 3D data supplied to the machine (the .STL 

file), whereby the resin hardens precisely where the laser hits the surface. Once the layer 

is completed, the platform within the vat drops down by a fraction (in the Z axis) and the 

subsequent layer is traced out by the laser. This continues until the entire object is 

completed and the platform can be raised out of the vat for removal. 

 

Because of the nature of the SL process (as shown in Fig. 4.8), it requires support 

structures for some parts, specifically those with overhangs or undercuts. These 

structures need to be manually removed. 

 

In terms of other post processing steps, many objects, that are 3D printed using SL need 

to be cleaned and cured. Curing involves subjecting the part to intense light in an oven-

like machine to fully harden the resin. 

 

Stereolithography is generally accepted as being one of the most accurate 3D printing 

processes with excellent surface finish. However, limiting factors include the post-

processing steps required and the stability of the materials over time, which can become 

more brittle. 

 

 

 

 

 

4.2.2 Digital Light Processing 

DLP — or digital light processing — is a similar process to stereolithography in that it is 

a 3D printing process that works with photopolymers. The major difference is the light 

source. DLP uses a more conventional light source, such as an arc lamp, with a liquid 

Fig 4.8: Stereolithography Method of 3D Printing  
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crystal display panel or a deformable mirror device (DMD), which is applied to the entire 

surface of the vat of photopolymer resin in a single pass, generally making it faster than 

SL. 

 

Also, like SL, DLP produces highly accurate parts with excellent resolution, but its 

similarities also include the same requirements for support structures and post-curing. 

However, one advantage of DLP over SL is that only a shallow vat of resin is required to 

facilitate the process, which generally results in less waste and lower running costs. 

 

The process of digital light processing is shown in Fig. 4.9. 

 
 

 

 
4.2.3 Laser Sintering / Laser Melting 
 
Laser sintering and laser melting are interchangeable terms that refer to a laser-based 
3D printing process that works with powdered materials. The laser is traced across a 
powder bed of tightly compacted powdered material, according to the 3D data fed to the 
machine, in the X-Y axes. As the laser interacts with the surface of the powdered material 
it sinters, or fuses, the particles to each other forming a solid. As each layer is completed 
the powder bed drops incrementally and a roller smoothen the powder over the surface 
of the bed prior to the next passes of the laser for the subsequent layer to be formed and 
fused with the previous layer.  
 
However, on the downside, because of the high temperatures required for laser 

sintering, cooling times can be considerable. Furthermore, porosity has been an 

historical issue with this process, and while there have been significant improvements 

Fig 4.9: Digital Light Processing Method of 3D Printing  
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towards fully dense parts, some applications still necessitate infiltration with another 

material to improve mechanical characteristics. 

 
The process of digital light processing is shown in Fig. 4.10. 

 

 
 

 

 

Laser sintering can process plastic and metal materials, although metal sintering does 

require a much higher-powered laser and higher in-process temperatures. Parts 

produced with this process are much stronger than with SL or DLP, although generally 

the surface finish and accuracy is not as good. 

 

3.2.4 FDM (Fused Deposition Modeling)  
3D printing utilizing the extrusion of thermoplastic material is easily the most common 
— and recognizable — 3DP process. The most popular name for the process is Fused 
Deposition Modeling (FDM), due to its longevity; however, this is a trade name, 
registered by Stratasys, the company that originally developed it. Stratasys’ FDM 
technology has been around since the early 1990’s and today is an industrial grade 3D 
printing process.  
 
The process works by melting plastic filament that is deposited, via a heated extruder, a 
layer at a time, onto a build platform according to the 3D data supplied to the printer. 
Each layer hardens as it is deposited and bonds to the previous layer. 
 
Fused Deposition Modeling (FDM) is one of the most widely used additive manufacturing 
processes for fabricating prototypes and functional parts in common engineering 
plastics. From the view of the control structure, 3D printer based on the FDM technology 
is divided into two layers: the host computer and the bottom control. The main working 
parts of the FDM 3D printer are nozzle mechanism, wire feeder, motion mechanism, 
heating work mechanism and working platform. 
The general process of FDM is shown in Fig. 4.11. 
 

Fig 4.10: Laser Sintering Method of 3D Printing  
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4.2.4.1 Process of FDM  
At present, the computer software can slice the three-dimensional model and also is 
capable of designing the layer by layer printing file. The 3D printing workflow is shown 
in below given Fig. 4.12. 
 
 

 
 
 
 
3D printer controls its nozzle position under the instruction of the design document. The 
nozzle spurts solid metal powder or molten thermoplastic material which will solidify 
into a plane sheet of metal or thermoplastic on the working platform. After the first thin 
layer solidified, the 3D printer nozzle returns to the original point of printing according 
to the design document, and another thin layer is formed on the first layers outside. 

Fig 4.11 Fused Deposition Modelling Method of 3D 

Printing  

Fig 4.12 Fused Deposition Modelling Process  
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Repeat the above process, and finally complete the three-dimensional printing through 
overlying layer by layer. 
 
In the process of the FDM 3D printing, after being heated and melted in the heating 
chamber of the nozzle, the filamentous thermoplastic material enters the nozzle under 
the action of the piston rod of the non-
melted material, and then under a certain 
pressure, the nozzle squeezes out the 
thermoplastic filament with a 
predetermined diameter so as to form a 
finished product with high precision. The 
intelligent nozzle of the FDM 3D printer is 
shown in Fig. 4.13 The intelligent nozzle is 
mainly composed of feeding pipe, heating 
pipe,  
fin, thermistor,and nozzle and exhaust 
fan.  
 
 
In the process of working, the printing raw material of the FDM 3D printer gets into the 
feeding pipe through the wire feeder, and then enters the heating pipe through the 
transition pipe, and then the thermoplastic material is heated in the heating pipe which 
regulates heating temperature with feedback regulation via thermistor. Squeezed by the 
non-melting material, the material of heating and melting parts squeezes out the 
thermoplastic filament of predetermined diameter from the nozzle. The influence of the 
nozzle structure on the FDM printing is mainly the internal flow structure of the nozzle 
and the control of heating temperature of the nozzle and also the different pressure 
difference in each flow generated by flow fields in different flows. The temperature of 
the nozzle affects various performance of material, such as cohesiveness, accumulation 
resistance, wire flow, extruded wire width and so on. For one thing, if the temperature 
is too slow, it will lead to partial solid material, as a result, too large viscosity of material 
will affect the velocity of wire and even the block nozzle; For another thing, if the 
temperature is too high, it will lead to partial liquid material, as a result, the wire material 
appears sallow and increasing mobility and also too fast extruded speed, which cannot 
control the wire precision accurately.  
The nozzle flow mainly applies Teflon material which has acid-base resistance and 
various organic solvent resistance characteristics and even almost insoluble in all 
solvents. 
The process can be slow for some part geometries and layer-to layer adhesion can be a 
problem, resulting in parts that are not watertight. Again, post-processing using Acetone 
can resolve these issues. 
 
3.2.5 JETTING TECHNIQUE 
There are two 3D printing process that utilize a jetting technique. They are as follows: 

1. Binder Jetting: In this technique as shown in Fig. 4.14, the material being jetted 

is a binder, and is selectively sprayed into a powder bed of the part material to 

fuse it a layer at a time to create/print the required part. As is the case with other 

powder bed systems, once a layer is completed, the powder bed drops 

Fig 4.13 3D Printer (FDM Process) 

– Nozzle and other components 
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incrementally and a roller or blade smoothes the powder over the surface of the 

bed, prior to the next pass of the jet heads, with the binder for the subsequent 

layer to be formed and fused with the previous layer. 

 
 

 

 

2. Material Jetting: It is a 3D printing process whereby the actual build materials 

(in liquid or molten state) are selectively jetted through multiple jet heads (with 

others simultaneously jetting support materials). However, the materials tend to 

be liquid photopolymers, which are cured with a pass of UV light as each layer is 

deposited. The basic process is shown in Fig. 4.15. 

 

 
 

 

 

The nature of this product allows for the simultaneous deposition of a range of 

materials, which means that a single part can be produced from multiple 

Fig 4.14 Binder Jetting Method of 3D Printing  

Fig 4.15 Material Jetting Method of 3D Printing  
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materials with different characteristics and properties. Material jetting is a very 

precise 3D printing method, producing accurate parts with a very smooth finish. 

 

3.2.6 SELECTIVE DEPOSITION LAMINATION (SDL) 

The SDL 3D printing process builds parts layer by layer using standard copier paper. 

Each new layer is fixed to the previous layer using an adhesive, which is applied 

selectively according to the 3D data supplied to the machine. This means that a much 

higher density of adhesive is deposited in the area that will become the part, and a much 

lower density of adhesive is applied in the surrounding area that will serve as the 

support, ensuring relatively easy “weeding,” or support removal. 

 

After a new sheet of paper is fed into the 3D printer from the paper feed mechanism and 

placed on top of the selectively applied adhesive on the previous layer, the build plate is 

moved up to a heat plate and pressure is applied. This pressure ensures a positive bond 

between the two sheets of paper. The basic process of Selective Deposition Modelling 

Method is shown in Fig. 4.16. 

 

 

 

 

The build plate then returns to the build height where an adjustable tungsten carbide 

blade cuts one sheet of paper at a time, tracing the object outline to create the edges of 

the part. When this cutting sequence is complete, the 3D printer deposits the next layer 

of adhesive and so on until the part is complete. The closer look of SDL process is shown 

in Fig. 4.17. 

 

Fig 4.16 Selective Deposition Modelling Method of 3D Printing  
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Activities 

 

 

Activity 1: Understanding 3D Printing Terminology 

Objective: To become familiar with basic 3D Printing terminologies. 

Materials Required: 

1. Printed glossary of 3D printing terminologies (one for each student) 

2. Internet access 

3. Pen  

4. Notebook 

Procedure: 

1. Each student is given a printed glossary of 3D printing terminologies. 

In the plastic industry, one prevalent 3D printing method is Fused Deposition 

Modeling (FDM). FDM involves melting and extruding thermoplastic filaments 

layer by layer to create three-dimensional objects. This method is widely 

utilized for prototyping, product development, and even manufacturing 

functional plastic components. FDM offers versatility, allowing the use of 

various plastic materials, making it a popular choice in the plastic industry for 
its cost-effectiveness and ability to produce complex geometries. 

I understood almost every method of 3D 

printing as explained above. 

But which of the above methods is used for 

Plastic material 3D printing? 

Fig. 4.17 SDL – A Closer Look 
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2. Ask students to read through the glossary and underline or circle any terms they 

don't understand. 

3. Encourage students to use their textbooks, the internet, or other resources to 

research and define the unfamiliar terms. 

4. Once students have defined the terms, discuss as a class to ensure everyone 

understands them. 

 

 

Check Your Progress 

 

 

A. Multiple Choice Questions (MCQ) 

1. What is the purpose of support structures in 3D printing? 

a) To enhance the surface finish of the print 

b) To improve print speed 

c) To provide structural support for overhanging features 

d) To reduce material usage 

 

 

2. Which 3D printing method utilizes a laser-based process with photopolymer resins? 

a) Fused Deposition Modeling (FDM) 

b) Stereolithography (SL) 

c) Digital Light Processing (DLP) 

d) Selective Deposition Lamination (SDL)  

 

3. What is the purpose of a skirt in 3D printing? 

a) To enhance bed adhesion 

b) To provide structural support for overhanging features 

c) To prime the nozzle and test bed leveling 

d) To create a stable base for printing 

 

4. Which 3D printing method utilizes powdered materials and a laser to fuse the 

particles together? 

a) Fused Deposition Modeling (FDM) 

b) Stereolithography (SL) 

c) Jetting Technique 

d) Laser Sintering / Laser Melting 

 

5. What is the function of G-code in 3D printing? 

a) To define the internal structure of the object 

b) To specify the layer height of the print 

c) To provide instructions for the printer's movements and actions 
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d) To adjust the infill density 

 

B. Fill in the blanks  

1. Infill density can be adjusted to balance strength and material efficiency, with higher 

densities providing more __________ but requiring more material and time to print. 

2. Bridging occurs when the printer extrudes filament across a gap between two solid 

sections of a printed object without any __________ supporting it. 

3. G-code is generated from the 3D model by __________ software 

4. The build gap in a 3D printer is crucial for ensuring proper __________ and print 

quality 

5. Material Jetting is a 3D printing process whereby the actual build materials are 

selectively __________ through multiple jet heads. 

 
 

C. Answer the following (100-150 words)  

1.  What is the difference between Stereolithography (SL) and Digital Light Processing 

(DLP) in terms of their light sources? 

 

2. Explain the process of Fused Deposition Modeling (FDM) in 3D printing. Long 

Answer Questions: 

3. Describe the process FDM and discuss its advantages and limitations. 

4. Explain the working principle of Selective Deposition Lamination (SDL) in 3D 

printing and discuss its benefits compared to other methods.  

 

 

Module 5 

 

Maintenance of 3D Printer  

 
 

 

Module  Overview 

 

 

In the world of making things with 3D printers, it's important  to take good care of your 

machine itself. This module is all about that – making sure your 3D printer stays in great 

shape and never degrade its performance so you can keep creating awesome stuff. 

We'll cover simple things like cleaning your printer after each project, making sure the 

different parts move smoothly, and checking if everything is level. These little tasks can 

make a big difference in how well your 3D printer works and how long it lasts. 

We'll also talk about dealing with common problems, like when the nozzle gets blocked 

or if the print bed is not levelled. Learning how to fix these issues will help you get the 

best results from your 3D printer every time you use it. 
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Learning Outcomes 

 

 

After completing this module, you will be able to: 

• Understand general maintenance practices required for 3D printer. 

• Recognize common defects in 3D printing. 

• Apply methods to recitify the defects. 

 

 

Module Structure 

 

5.1 General Maintenance of 3D Printer  

5.2 Precautions to be taken while performing periodic maintenance  

5.3 Defects in 3D Printing and its rectification  

5.4 SOPs for various tasks in 3D Printing  

5.5 Cleaning, Lubrication and General maintenance of 3D Printer  

 

 

5.1 General Maintenance of 3D Printer 

 

 

The specific maintenance instructions can vary by model and manufacturer, here are 

general measures often recommended in 3D printer manuals: 

 

1. Regular Cleaning: 

• Clean the print bed and remove any residual filament after each print. 

• Wipe down the printer's exterior to prevent dust buildup. 

 

2. Nozzle Cleaning: 

• Periodically clean the nozzle to prevent clogs. 

• Follow the manufacturer's guidelines for nozzle maintenance. 

• Use a nozzle cleaning kit or appropriate tools. 

 

3. Bed Leveling: 

• Regularly check and adjust the print bed level. 

• Ensure the bed is flat and clean to guarantee proper adhesion. 
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4. Lubrication: 

• Lubricate moving parts, such as rods and bearings, with the recommended 

lubricant. 

• Follow the manual's instructions regarding lubrication intervals. 

 

5. Check Belts and Pulleys: 

• Inspect belts for tightness and signs of wear. 

• Ensure pulleys are secure and not damaged. 

 

6. Filament Quality: 

• Use high-quality filament to avoid clogs and ensure consistent prints. 

• Store filament in a dry and cool environment to prevent moisture 

absorption. 

 

7. Calibration: 

• Regularly calibrate the printer to maintain accuracy. 

• Check and adjust the Z-axis, X-axis, and Y-axis as needed. 

 

8. Firmware Updates: 

• Stay informed about firmware updates provided by the manufacturer. 

• Update firmware as recommended to access improvements and bug fixes. 

 

9. Bed Surface Maintenance: 

• If using a removable print surface, clean it according to the manual. 

• Replace the surface if it becomes damaged or loses adhesion. 

 

10. Fan Maintenance: 

• Check cooling fans for proper functioning. 

• Clean fans and ensure they are free of debris. 

 

11. Electronics Inspection: 

• Inspect the wiring and electronic components for any signs of wear or 

damage. 

• Ensure all connections are secure. 

 

12. Safety Checks: 

• Regularly inspect the power supply and electrical components for safety. 

• Follow electrical safety guidelines provided in the manual. 
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13. Storage and Environment: 

• Store the 3D printer in a clean and dry environment. 

• Protect the printer from excessive dust and temperature extremes. 

 

Always refer to the specific instructions provided in the 3D printer's manual, as different 

models may have unique maintenance requirements. Following the manufacturer's 

guidelines helps ensure optimal performance and extends the lifespan of the 3D printer. 

 

 

5.2 Precautions to be taken while performing periodic maintenance  

 

 

When undertaking routine maintenance for your 3D printer, prioritizing safety 

measures is paramount. Start by turning off and disconnecting the printer to eliminate 

electrical hazards. Allow hot components to cool, wear protective gear, and ensure 

proper ventilation, especially when using cleaning agents. Adhere to the manufacturer's 

guidelines, securing the printer on a stable surface. Exercise caution around moving 

parts and disconnect filament to prevent accidents. Use recommended tools and work in 

a controlled environment. These precautions not only safeguard against injuries but also 

contribute to the longevity and reliable performance of your 3D printer during periodic 

maintenance. 

 

When carrying out regular maintenance on your 3D printer, it's essential to take certain 

precautions for a safe and effective process. Here are some key precautions to keep in 

mind: 

 

1. Power Off: Always turn off the 3D printer and unplug it from the power source 

before starting any maintenance. This minimizes the risk of electrical accidents. 

 

2. Cooling Period: Allow the printer components to cool down, especially the hot 

end and heated bed, to prevent burns or injuries during maintenance. 

 

3. Proper Ventilation: If using cleaning agents or lubricants, ensure you are in a 

well-ventilated area to avoid inhaling fumes. 

 

4. Wear Protective Gear: Consider wearing appropriate protective gear, such as 

gloves or safety glasses, to shield yourself from any sharp edges or cleaning 

substances. 

 

5. Follow Manufacturer Guidelines: Adhere to the manufacturer's recommended 

maintenance procedures outlined in the user manual. This helps maintain 

warranty validity and ensures you are following best practices. 
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6. Secure the Printer: Make sure the 3D printer is on a stable surface to prevent 

accidental falls or disruptions during maintenance. 

 

7. Disconnect Filament: Remove the filament spool from the printer before any 

maintenance involving the extruder or nozzle. This prevents filament from 

unintentionally feeding through the system. 

 

8. Mind Moving Parts: Be cautious of moving parts, belts, and motors. Avoid 

placing hands or tools near these components when the printer is powered on. 

 

9. Clean with Caution: When cleaning components, use recommended tools and 

materials. Avoid abrasive substances that could damage sensitive parts. 

 

10. Retract Nozzle: If dealing with the hotend or nozzle, retract the filament to 

minimize the risk of burns or extrusion accidents. 

 

11. Work in a Controlled Environment: Perform maintenance in a controlled 

environment, free from drafts or excessive dust, to prevent contamination or 

disruptions. 

 

12. Document Changes: Keep a record of any changes made during maintenance, 

such as adjustments or replacements. This documentation can be helpful for 

future troubleshooting. 

 

By following these precautions, you can ensure a safe and effective maintenance routine 

for your 3D printer, promoting both user safety and the longevity of the machine. 

 

 

5.3 Defects in 3D Printing and its rectification  

 

 

3D printing has improved a lot in the last twenty years, people who use these printers 

still deal with some annoying issues. Things like making sure the quality is good, dealing 

with automation problems, and being careful with dangerous materials can be 

challenges. 

 

As 3D printing has gotten better, there are still common issues. Users often struggle with 

things like the material coming out too much or too little, strings of material hanging off 

the print, layers not sticking together well, and the final product not looking perfect. 

These are things that need to be worked on to make 3D printing even better for 

everyone.  
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So, let us go through some common issues and its solutions:  

1. Over and Under Extrusion 

The main issue that often happens with modern 3D printers is when they use too 

much or too little plastic, called over or under-extrusion. This happens when the 

printer doesn't make the right amount of plastic for what it's supposed to create.  

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Layer Splitting  

Sometimes, when using a 3D printer, there is a problem called layer splitting or 

separation. Normally, when you are making something, the printer puts layers on 

top of each other. But if you choose the wrong settings or the plastic gets too hot, 

the layers might not stick together well, and they can split apart. If even one layer 

comes apart from the one below it, the whole printing job can be ruined, and the 

final design would not look or work as it should. It is really important to make sure 

all the layers in your 3D-Printed model stick together well. Otherwise, the 

important parts might bend, break, or separate, causing a waste of money and 

materials.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution  
 

1. Improve bed adhesion. 

2. Optimize cooling settings. 

3. Adjust print speed and temperature. 

4. Use high-quality filament. 

5. Optimize layer height. 

6. Check printer mechanics. 

7. Review slicer settings. 

 

 

 

 

Solution  
Over-Extrusion: 

1. Check settings match filament and nozzle. 
2. Reduce extrusion multiplier. 
3. Calibrate extruder steps/mm. 
4. Check filament diameter. 
5. Lower printing temperature slightly. 

Under-Extrusion: 
1. Check for clogs. 
2. Clean or replace nozzle. 
3. Increase extrusion multiplier. 
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3. Stringing  

When using a 3D printer, sometimes there is a problem called stringing, where thin 

strands of plastic look like hairs or threads on your model. This usually happens 

when the printer is too hot, and the plastic comes out in tiny amounts, leaving 

strings behind. If you print at too high a temperature, these strings can be long. 

Although you can remove them manually, it is a bit of a waste of material and time. 

Stringing is more likely to happen with small and complex designs or if the settings 

for the printer are not quite right. 

 

 

 

 

 

 

 

 

4.  Surface Imperfections 

A good 3D printer should make things without any visible problems on the surface. 

If you see bumps or issues on the final product, it might mean that the printer is 

not of high-quality. Even if the machine and the person using it are really good, 

surface problems, like bumps or blobs, can still happen, often because of changes 

in the printer's software or hardware. 

If you notice any unusual surface imperfections as the 3D printer layers its first 

perimeter, experts agree that the cause can be traced back to your machine’s 

retraction settings.  

 

 

 

 

 

 

 

 

5. Gaps between outlines and infill  

Occasionally, 3D printers operating at their maximum capacity can result in gaps 

becoming visible between the print’s infill and outline.  

While noticeable gaps between a 3D print’s outline and infill are not aesthetically 

appealing, their likely cause can typically be traced back to decreased layer 

bonding or incorrectly programmed outline overlaps.  

Solution  
 

1. Increase retraction distance and speed. 

2. Lower printing temperature. 

3. Decrease print speed. 

 

 

Solution  
 

1. Optimize layer height. 

2. Reduce print speed. 

3. Fine-tune temperature settings. 
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If you notice any gaps forming between your prints’ outlines and infills, 

immediately stop the process since your product will lack its required structural 

integrity.  

 

6. Elephant’s Foot 

Elephant’s foot is an FDM 3D printing issue that causes the first layer (or the first 

few layers) to be wider than desired. By this, we mean the region of the part 

touching the print bed extends past the intended boundaries, as seen in the image 

above. There are a few different reasons this problem can arise, but the main one 

is that the first layers are squished too much, both by the nozzle as it attempts to 

“stick” the first layer to the bed and by the pressure of the rest of the model.  

 

7. Warping 

Warping is a common FDM issue, where part of a print’s base lifts off the print bed. 

In other words, warping occurs due to differences in temperatures between layers, 

but this effect can be worsened due to a number of factors. As such, there are a 

number of solutions that can help reduce warping. Some of the most common 

solutions include better controlling the ambient temperature (i.e. with an 

enclosure), activating a brim or raft, or using an adhesive on the print bed, like 

glue or hairspray. 

 

8. Clogging in 3D Printer 

Clogging in a 3D printer occurs when the nozzle becomes obstructed, preventing 

the smooth flow of filament. This issue can lead to incomplete prints or even 

damage to the printer if not addressed. Here's how to identify and resolve nozzle 

clogging: 

 

Signs of Nozzle Clogging: 

1. Incomplete Prints: If your prints are suddenly stopping or have gaps, it could be 

due to a clogged nozzle. 

2. Extruder Clicking: Unusual clicking sounds from the extruder motor may indicate 

it is struggling to push filament through a clog. 

3. Filament Grinding: Excessive wear on the filament, appearing ground down or 

chewed, suggests a potential clog. 
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5.4 SOPs for various tasks in 3D Printing  

 

 

Creating Standard Operating Procedures (SOPs) for various tasks related to 3D printing 

ensures consistency, efficiency, and safety.  

Here are general guidelines for drafting SOPs for printer settings, print jobs, and filament 

material: 

 

1. Printer Settings SOP: 

Objective: Ensure uniformity in configuring 3D printer settings for optimal 

performance. 

• Power On/Off: Clearly outline steps for turning the printer on and off safely. 

• Bed Leveling: Provide a step-by-step guide for bed leveling, emphasizing the 

importance of a leveled surface. 

• Temperature Settings: Specify recommended nozzle and bed temperatures for 

different filament types. 

• Calibration: Detail the procedure for calibrating the printer, covering X, Y, and Z-

axis calibration. 

Solution 
1. Cold Pull (Atomic Pull): 

• Heat the nozzle to the normal printing temperature. 

• Feed a flexible filament, like PLA, into the hot nozzle. 

• Allow the filament to cool and harden. 

• Gently pull the filament out, bringing the clog with it. 

 

2. Hot Pull: 

• Heat the nozzle to a higher temperature (above the typical printing 

temperature). 

• Manually push filament through the nozzle until it flows smoothly. 

• Quickly pull the filament out to remove any debris causing the clog. 

 

3. Nozzle Cleaning Kit: 

• Use a specialized nozzle cleaning kit with fine needles or drills to 

manually clear the obstruction. 

• Carefully insert the tool into the nozzle to dislodge the clog. 
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• Firmware Updates: Clearly state how to check for firmware updates and provide 

steps for updating. 

• Emergency Procedures: Include steps to follow in case of unexpected issues or 

emergencies. 

 

2. Print Job SOP: 

Objective: Streamline the process of setting up and executing 3D print jobs. 

• File Preparation: Guide users on preparing 3D model files, ensuring they are 

suitable for the chosen printer. 

• Slicing Software: Detail the steps for using slicing software, including selecting 

print settings and generating G-code. 

• Loading Filament: Provide instructions on loading filament into the printer, 

emphasizing proper insertion. 

• Starting a Print Job: Outline the steps for initiating a print job, specifying any 

additional considerations. 

• Monitoring: Explain how to monitor the print job progress and intervene, if 

needed. 

• Job Completion: Detail the process for safely removing the completed print from 

the bed. 

 

3. Filament Material SOP: 

Objective: Standardize procedures for handling and changing filament materials. 

• Storage Guidelines: Provide recommendations for storing filament to prevent 

moisture absorption. 

• Loading/Unloading Filament: Clearly outline steps for loading and unloading 

filament, ensuring smooth transitions. 

• Material Compatibility: List compatible filament types for the printer, 

specifying any restrictions. 

• Changing Filament Mid-Print: Include steps for changing filament during a 

print job, if necessary. 

• Material Inspection: Guide users on inspecting filament for defects before use. 

 

These SOPs should be accessible, regularly updated, and followed diligently by users to 

maintain a standardized and efficient 3D printing process. Adjustments can be made 

based on the specific requirements of the 3D printer model and materials used. 

 

 

5.5 Cleaning, Lubrication and maintenance of 3D Printer  

 

Cleaning, lubrication, and maintenance of 3D printing machines are significant for 

ensuring optimal performance and longevity of the equipment. Following the 
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manufacturer's instructions is essential, as different machines may have specific 

requirements. Below is a general procedure that you can adapt based on your 3D 

printer's manufacturer guidelines: 

 

1. Cleaning: 

• Power Off: Ensure the 3D printer is turned off and unplugged before starting any 

cleaning procedure. 

• Remove Filament: If there is filament loaded, carefully remove it according to 

the manufacturer's instructions. 

• Clean the Print Bed: Use a suitable tool to remove any residual material or debris 

from the print bed. A soft brush or scraper may be provided by the manufacturer. 

• Clean Nozzle and Hot end: If the nozzle is removable, follow the manufacturer's 

guidelines for removal and cleaning. Use a small brush or compressed air to 

remove any accumulated filament residue. 

• Check and Clean Fans: Ensure that cooling fans are free from dust and debris. 

Clean them gently using a small brush or compressed air. 

• Clean Build Chamber: If applicable, clean the build chamber for any 

accumulated debris or stray filament. 

 

2. Lubrication: 

• Check Lubrication Points: Consult the manufacturer's manual to identify 

lubrication points. Common points include rods, rails, and moving parts. 

• Apply Lubricant: Use the recommended lubricant sparingly at the specified 

points. Too much lubricant can attract dust and debris. 

• Move Axes: Move the print head and other axes to distribute the lubricant evenly. 

Follow the manufacturer's guidelines for this step. 

 

3. Maintenance: 

• Inspect Belts: Check the tension and condition of belts. Tighten or replace them, 

if necessary. 

• Check Wiring: Inspect all wiring for signs of wear or damage. Ensure all 

connections are secure. 

• Update Firmware: Check for firmware updates from the manufacturer and 

update, if necessary. 

• Calibrate: Follow the calibration procedures outlined in the manual to ensure 

accurate prints. 

 

4. Closing Down:  

• Turn Off and Unplug: Power off the 3D printer and unplug it from the power 

source. 
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• Secure Loose Components: If applicable, secure moving parts or remove any 

detachable components for storage. 

• Cover the Printer: If not in use for an extended period, consider covering the 3D 

printer to protect it from dust. 

• Follow Manufacturer's Shutdown Procedure: Some 3D printers have specific 

shutdown procedures outlined in the manual. Follow these carefully. 

 

Always refer to the manufacturer's documentation for your specific 3D printer model, as 

procedures may vary. Regularly performing these tasks will help maintain the printer's 

performance and extend its lifespan. 

 

 

Activities 

 

 

Activity: Understanding various defects in 3D Printing  

 

Materials Required: 

1. Pen  

2. Notebook 

3. Internet access 

 

Procedure:  

1. List common defects in 3D printing. 

2. Identify precautionary measures to prevent defects. 

3. Research online for detailed information and images of each defect. 

4. Discuss findings with peers to exchange insights. 

5. Reflect on the importance of understanding and preventing defects. 

6. Apply knowledge by identifying defects in prints and implementing 

precautionary measures. 

7. Provide feedback to peers and encourage open discussion. 

8. Summarize key points learned during the activity. 

9. Conclude by reinforcing the importance of continuous learning and 

improvement. 

 

 

Check Your Progress 

 

 

A. Multiple Choice Questions 

1. What is a common issue in 3D printing related to the amount of plastic used? 

a) Overheating 
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b) Undercooling 

c) Over-extrusion 

d) Under-extrusion 

 

2. Which of the following is NOT a precaution to be taken during periodic maintenance 

of a 3D printer? 

a) Wear protective gear 

b) Keep the printer plugged in 

c) Work in a controlled environment 

d) Disconnect filament 

 

3. What is the term used to describe thin strands of plastic resembling hairs or threads 

on a 3D-printed model? 

a) Over-extrusion 

b) Layer splitting 

c) Stringing 

d) Surface imperfections 

 

4. What is the main cause of the issue known as "Elephant's Foot" in FDM 3D printing? 

a) Incorrect nozzle temperature 

b) Insufficient bed leveling 

c) Excessive pressure on the first layers 

d) Warping of the print material 

 

5. What is the purpose of regularly calibrating a 3D printer? 

a) To update firmware 

b) To maintain accuracy 

c) To prevent clogging 

d) To improve surface imperfections 

 

B. Match the Following: 

(Match the common 3D printing issues with their respective solutions) 

 

S.No. 3D Printing Issue  Recommended Solution 

1 Over and Under Extrusion A. Adjust nozzle temperature and 

check filament feed rate 

2 Layer Splitting B. Ensure proper adhesion between 

layers through correct temperature 

settings and cooling. 

3 Stringing C. Optimize retraction settings and 

print temperature. 
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4 Surface Imperfections D. Review printer's retraction settings 

and adjust if necessary. 

5 Gaps between Outlines and Infill E. Enhance layer bonding and adjust 

outline overlaps. 

 

 

C. Fill in the blanks  
1. One common issue in 3D printing is __________, which occurs when there is an 

inadequate amount of plastic extruded from the nozzle. 
 
2. Proper __________ is essential to ensure the layers of a 3D-printed model adhere well 

and prevent separation. 
 
3. __________ is a problem in 3D printing where thin strands of plastic are left behind, 

often due to excessive heat or improper settings. 
 
4. To prevent nozzle __________, it's important to regularly clean the nozzle and 

maintain proper temperature settings. 
 
5. Warping in 3D printing refers to the undesirable phenomenon where the edges of a 

printed object __________ from the print bed due to temperature differences.  
 

 

C. Answer the following  

1. Describe one precaution to be taken while performing periodic maintenance on a 3D 

printer. 

2. Why is it important to regularly clean the print bed of a 3D printer? 

3. What are some common signs of nozzle clogging in a 3D printer? 

4. Explain the term "warping" in the context of 3D printing. 

5. Briefly outline the steps involved in starting a 3D print job according to the provided 

SOPs. 
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Answer Key 

 

 

Unit 1: Introduction to Plastic Industry 
A. Multiple Choice Questions 

1. b) Petrochemical sources    

2. b) Construction 

3. c) Producing medical devices and equipment 

4. d) Good insulators of electricity 

5. b) Operating 3D printing machines 

 

B. Match the following  

 1. C      2. A 

 3. B      4. E 

 5. D 

 

Unit 2: Basics of 3D Printing  
A. Multiple Choice Questions 

 1. b) Rapid Prototyping 

 2. c) Selective Laser Cutting (SLC) 

 3. a) Charles Hull 

 4. c) Slicing 

 5. d) TinkerCAD 

 

B. Fill in the blanks   

 1. Layer  

 2. Charles Hull 

 3. Numerical 

 4. Plastic 

 5. Waste production 

  

Unit 3: 3D Printer and its Installation 
A. Multiple Choice Questions 

 1. b) To guide filament into the hotend 

 2. c) Endstops 

 3. c) Interpreting G-code instructions 

 4. b) Slicing Software 

 5. c) To level the print bed surface 
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B. Fill in the blanks   

 1. Structural  

 2. Stepper Motors 

 3. Hotend 

 4. Slicing Software 

 5. Firmware 

 

Unit 4: 3D Printing Methods 
A. Multiple Choice Questions 

   1. c) To provide structural support for overhanging features 

 2. b) Stereolithography (SL) 

   3. c) To prime the nozzle and test bed leveling 

   4. d) Laser Sintering / Laser Melting 

   5. c) To provide instructions for the printer's movements and actions 

 

B. Fill in the blanks   

1.  Strength 

   2.  Material 

   3.  Slicing  

   4.  adhesion 

   5.  Jetted 

 

Unit 5: 3D Printing Methods 
A. Multiple Choice Questions 

1. c) Over-extrusion 

2. b) Keep the printer plugged in 

3. c) Stringing 

4. c) Excessive pressure on the first layers 

5. b) To maintain accuracy 

 

B. Match the following 

 1. A      2. B 

 3. C      4. D 

 5. E 

 

C. Fill in the blanks  

 1. Under-extrusion 

 2. Bed levelling 

 3. Stringing  

 4. Clogging  

 5. Lift 
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 Further Readings  

 

 

1. Atal innovation Mission -3D Printing  

https://aim.gov.in/3D-Printing.php 

 

2. National Centre for Additive manufacturing  

https://ncam.in/ 
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